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ABSTRACT
This th e s is  d esc rib es  the  p re p a ra tio n  and in v e s t ig a t io n  of a 
number of S c h if f 's  b a s e - tr a n s i t io n  m etal complexes and t h e i r  re a c tio n  vd th  
n i t r i c  oxide*
Throughout th i s  work the aims k ep t in  view have been (a ) to  o b ta in  
in  a pure s ta te  a i r  s e n s itiv e  compounds, (b) to  c h a ra c te r is e  the compounds 
using a v a ila b le  p h y sica l techn iques, and (c ) to  c o r re la te  th e i r  p ro p e r tie s  
by means of cu rren t chem ical th e o r ie s  and to  emphasise s im i la r i t ie s  
between these  and r e la te d  but e s ta b lish e d  compounds.
The m etals in v e s tig a te d  are M n(ll), F e ( l l ) ,  C o ( ll) ,  N i ( l l )  and 
C u ( l l) .  The S c h if f ’s bases are b is (sa lic y la ld e h y d e )-e th y len ed iim in e  
( F ig . l ( a ) )  and many of i t s  d e r iv a tiv e s .
The co b a lt compounds are  oxygen c a r r ie r s  bu t t h e i r  re a c tio n  ?d.th 
n i t r i c  oxide has been found i r r e v e r s ib le .  Eleven new f iv e  co -o rd in a te  
covalen t n i tro s y ls  o f C o(l) have been is o la te d  presumably possessing  a 
te tra g o n a l pyram idal s tru c tu re .  A ll have f r a c t io n a l  magnetic moments 
(''’v / 0 .6  Bohr Magnetons) and from magnetic s tu d ie s  over a tem perature range 
90°-300°K have been shown to  e x h ib it tem perature independent paramagnetism. 
V aria tio n s  in  the n i t r i c  oxide in f r a - r e d  s tre tc h in g  frequency in  th is  
s e r ie s  of n i t r o s y ls  have been r e la te d  to  changes in  th e  amount o f double 
bond c h a ra c te r  in  the c o b a l t - n i t r ic  oxide bond consequent upon e le c tro n  
withdraw al from or re le a s e  to , the m etal by s u b s titu e n ts  in  th e  benzene
rings* This i s  b e lieved  to  be one of the f i r s t  1inorganic* s e r ie s  in  
which such su b s titu e n t e f fe c ts  have been s tud ied .
B is(sa licy la ld eh y d s)-e th y len ed iim in eM n (ll)  and F e ( l l )  have been 
prepared , the l a t t e r  f o r  the f i r s t  time in  a pure s ta te .  These compounds 
reac ted  w ith  n i t r i c  oxide b u t those of N i( l l )  and C u (ll)  d id  n o t.
I t  has been re p o rted  th a t  b is (sa licy la ld eh y d e )-e th y len ed iim in eC o (ll)  
co n ta in s  a b rid g in g  w ater m olecule. This has not been confirm ed.
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S E C T I O N  I
HISTORICAL INTRODUCTION 
OBJECT OF THE WORK
HISTORICAL INTRODUCTION
S c h if f fs Base Complexes of Cobalt
S o h if f 's  bases are the condensation products ob ta ined  by re a c t io n  
between aldehydes or ketones and prim ary amines [ ! ] •
Many of these compounds have been used as co -o rd in a tin g  agents in  
recen t tim es [2*3*4 ,5*6 ,7?8 ,9 ,10 ,11 ]°
The work recorded in  th is  th e s is  i s  concerned vdth the s tru c tu re  
and re a c tio n s  of m etal complexes of the quadriden ta te  S ch iff* s base, 
b is(sa licy la ld eh y d e )~ e th y len ed iim in e  (sa lo n , F ig .1 (a ) )  and i t s  d e r iv a tiv e s . 
P fe if f e r  [12] e t  a i .  ob tained  a complex between th is  S c h if f ’s base and
J
C o (ll)  which tu rned  from red to  b lack  on exposure to  a i r .  Tsumaki [13] 
found th a t  th e  o r ig in a l  co lour could be re s to re d  when the  b lack  powder vras 
heated in^ a stream of carbon dioxide and a t t r ib u te d  the co lo u r change to  r e ­
v e rs ib le  oxygenation. Calvin [2] in v e s tig a te d  t h i s  and many s im ila r  
compounds s u b s ti tu te d  in  the 3?3* or 5 ,5 ’ p o s it io n s .  I t  was found th a t  
b is ( s a lic y la ld e h y d e )-e th y le n e d iim in e c o b a lt( ll)  (henceforward c a l le d  
c o b a lt sa len ) and i t s  r in g  s u b s ti tu te d  d e r iv a tiv e s  re v e rs ib ly  absorbed 
one molecule o f cJtygen per two atoms of c o b a lt . Another s e r i e s  of 
O o b a lt( ll)  compounds, s im ila r  to  co b a lt sa len  bu t w ith
propylamine in  p lace  of ethylenediam ine, r e v e r s ib ly  absorbed one molecule
2c = o + rnh r 1r 2c = m  + h2o
of oxygen per atom of c o b a lt,
Calvin [14*15] a lso  s tu d ied  the re v e rs ib le  oxygenation process in  
so lu tio n  and ob tained  the thermodynamic* r a te  constant* X-rty and magnetic d a ta Q 
I t  was found th a t  the  oxygenation cycle could be repeated  a few tim es in  
so lu tio n , bu t hundreds of tim es using the s o lid , before  i r r e v e r s ib le  oxida­
t io n  occurred. The X-ray d a ta  showed co b a lt sa len  to  be p la n a r  w ith  "the
exception  of the ethy lene hydrogens, the  m olecules being arranged in  la y e rs
o
(F ig , l ( c ) )«  The gap between the la y e rs  (3*34A) was s u f f ic ie n t  to  acco­
mmodate an oxygen molecule [1 6 (a ) ] ,  Upon oxygenation the la y e rs  were 
d is to r te d ,  y ie ld in g  the arrangement (F ig .l(d ) )*  In the complexes ob tained
from 3""fluorosalicy laldehyde and o-hydroxyacetophenone, the spacing in
o o
the  b d ire c tio n  was in creased  from 7*97A in  c o b a lt sa len  to  8 , 60A and o
°
8.71A re sp e c tiv e ly , due to  s te r ic  e f fe c ts  between the f lu o ro -  and methyl 
groups on ad jacen t m olecules. S u b s titu tio n  in c reased th e  r a t e  of oxygena­
tio n  but d id  not a l t e r  the capac ity  f o r  oxygen ab so rp tio n . The oxygen 
was sa id  to be co v a len tly  bonded to  each co b a lt atom forming a p ero x id e*  
o r 'pe roxo1 b ridge  between the two atoms. This form of b rid g in g  has been 
w ell e s ta b lish e d  fo r  many co b a lt compounds [ 17, 18] ,
The unoxygenated co b a lt sa len  possessed  one unpaired  e le c tro n  
( |iQf f  = 2»5 B*Mo) and during oxygenation th e  moment decreased  l in e a r ly  to  a 
f r a c t io n a l  value (hef;£» ~ 0*69 B*M.) . The oxygenated compound was
considered  diam agnetic, the sm all moment a r is in g  from incom plete oxygen
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absorption* Calvin [ Ilf] s ta te d  co b a lt sa len  was a sp in -p a ire d  square
2p lan ar complex (3clifs4p h y b rid isa tio n ) and on oxygenation gave a f iv e  co - j
2 2o rd in a te  co b a lt compounded 4s4p h y b r id is a tio n ) . Kimbflll [37] considered  
such a h y b rid isa tio n  com patible w ith a te tra g o n a l pyram idal arrangement.
D iehl [3 , 19] a lso  in v e s tig a te d  c o b a lt sa len  and r e la te d  compounds*
He concluded th a t  co b a lt salen  was b in u c lea r , the  two u n its  being jo in ed  
by an ’aquo’ b rid g e . Upon oxygenation a ’p e ro x id e ’ b ridge was formed 
y ie ld in g  s ix  co -o rd in a te  c o b a lt .  He determ ined the w ater con ten t by r e -  
flu x in g  the compound w ith p y rid in e , d i s t i l l i n g  o ff  the p y rid in e  Y v h d c h  he j
b e liev ed  d isp laced  the  w ate r, and t i t r a t i n g  the d i s t i l l a t e  w ith  the  I
|
K arl -  F isch er reag en t. The r e s u l t s  obtained  were low, f o r  a s in g le  w ater \ 
b rid g e , % w ater found = 2 .3 , expected = 2,69o Using D ieh l’ s method,
•Stewart,'- Estep and S ebastian  [20] concluded th a t  w ater was p re se n t in  c o b a lt 
sa len . Diehl f u r th e r  po in ted  out th a t  the compound prepared  under anhydrous ! 
cond itions was not capable o f oxygen ab so rp tio n , C alvin, however, i s o la te d  ! 
two forms of co b a lt sa len  in  th e  presence of w ater which d id  no t absorb |
oxygen. He a t t r ib u te d  the f a i lu r e  to  do so to  a d i f f e r e n t  c r y s ta l  a rran g e- | 
ment from th a t  found in  ’a c t iv e 1 cobalt s a le n . Other workers [21] found j 
th a t  oxygenated and deoxygenated co b a lt sa len  re a c te d  d i r e c t ly  w ith  the  j
K arl -  F ischer reag en t, but no w a te r  was p re se n t, the re a c tio n  being j
o x ida tion  o f c o b a l t ( l l )  to c o b a l t ( l l l )  by the  re a g e n t, Ueno and 
M arte ll [ 22] make no mention of absorp tions a r is in g  from w ater in  the
-1 1 -
in f r a - re d  spectrum of co b a lt sa len . According to  B a ila r  [2 3 (a )]  and more 
re c e n tly  by Vogt [24] ©'& a l .  co b a lt salen  would be the only example of a 
compound possessing  an !aquo! bridge*
Diehl [ 3] noted th a t  s o lid  co b a lt sa len  absorbed both n i t r i c  oxide 
and n itrogen  d iox ide . One molecule of n i t r i c  oxide reac ted  w ith  one mole­
cule of co b alt sa len  but the uptake of n itro g e n  d ioxide was not s to ic h io ­
m etric , presumably due to re a c tio n  w ith  the lig a n d . The na tu re  o f the 
p roducts was no t in v e s tig a te d .
Cobalt sa len  resem bles haemoglobin in  th a t  both  compounds absorb
oxygen [25]* but d i f f e r s  in  th a t  in  the s o lid  s ta te  i t  does not r e a c t  w ith  
carbon monoxide*
Compounds of sa len  w ith m etals o th er than c o b a lt
P fe if f e r  [12] prepared  a m anganese(il) compound of the form ula 
IX
^2"V^2 (man§anese sa le n ) con ta in ing  one molecule o f e th y le n e -  
diamine o f c r y s ta l l i s a t io n .  A eria l ox id a tio n  of th i s  compound in
I I Ichloroform  o r  p y rid in e  gave a p roduct having the  form ula OH.
Asmussen and Soling [ 26] obtained  a s im ila r  manganous complex to  th a t  o f 
P f e if f e r  w ithout ethylenediam ine of c r y s t a l l i s a t i o n ,  by mixing manganous 
ch lo rid e  and sa len  in  ethano l under n itro g e n . The red  product had a mag­
n e tic  moment of 5»29 B.M. a t room tem peratu re . The spin  only value  fo r  
f iv e  unpaired  e le c tro n s  i s  5«92 B.M* and fo r  a f u l ly  sp in -p a ire d  square 
p lan a r arrangement 1.73 B.M. . The tem perature v a r ia t io n  of the
■In­
s u s c e p t ib i l i ty  showed a reg ion  of in f le x io n  a t HO°IC to g e th e r  w ith  a la rg e  
value of ©  = 75 °K, Asmussen and Soling a t t r ib u te d  the  in f le x io n  to  a 
change in  the c ry s ta l  which in creased  th e  ■exchange* fo rc e s , A decrease 
in  atomic d is tan ces  would exp la in  th is  e f fe c t  b u t no X*ray work has been 
re p o rte d . The room tem perature magnetic moment, though somewhat low, 
was taken as in d ic a tin g  a sp in -fre e  complex,
P f e if f e r  [12] obtained  a dim eric f e r r i c  complex w ith  sa len  co rres­
ponding to the  formula in  which the iro n  atoms were
jo ined  by an *oXO! b rid g e . Although a fe rro u s  complex was not i s o la te d
th e  au thor in d ic a te d  th a t  i t  may be formed by mixing fe r ro u s  a c e ta te  and 
salen  in  p y rid in e , B a iles  and Calvin [14] determ ined the  magnetic sus­
c e p t ib i l i t y  of a compound formed between fe rro u s  iro n  and sa len  which was 
sa id  to  con ta in  h a lf  a molecule o f ethylenediam ine o f c ra g r ta l l is a t io n ,
A
The au thors considered  the moment ob tained  (5*06 B,M.) to  be somewhat high 
fo r  sp in -fre e  fe rro u s  iro n  and suggested o x id a tio n  may have occurred ,
KLemm and Raddatz [ 27] in v e s tig a te d  the  magnetic p ro p e r tie s  of compounds 
formed from f e r r i c  iro n  and b is ( s a lic y la ld e h y  de]-o -pheny lened iim ine as 
w ell as sa len . An attem pt to  p reven t o x id a tio n  of f  e rrous complexes 
during th e i r  p rep a ra tio n  was made by B reu il [28] who s tu d ie d  complexes 
w ith  ethylenediam ine under an atmosphere o f hydrogen*
P f e i f f e r  [12] p repared  n ic k e l ( l l )  and c o p p e r( ll)  compounds c o rre s ­
ponding to  co b a lt sa len  by rea c tin g  b is ( s a l ic y la ld e h y d e )n ic k e l( l l )  and
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b is (s a lic y la ld e h y d e )c o p p e r( ll)  w ith  ethylenediam ine. The n ick e l compound
was diam agnetic and square p lan ar according to KLemm and Raddatz [27]*
Calvin [14] found th a t  the copper complex had one unpaired  e le c tro n  
(jj,0f f  =2.0 BoM.) and m olecular weight determ inations by P f e if f e r  [12] in  
b o ilin g  p y rid in e  in d ic a te d  i t  to  be monomeric in  so lu tio n . X-ray d a ta  
by von S tackelberg  [2 9 ]sand more re c e n tly  by H all and W aters [30]<> showed 
th a t  in  the s o lid  s ta te  the  compound was dim eric (F ig .1 (e ) ) ,  w ith  two
long Cu-0 bonds. The in te rm o lecu la r bond was sa id  to  be formed by
3
overlap  of the  unhybrid ised  p o r b i ta l  on the oxygen w ith  a 3dAs4p hybrid  
o r b i ta l  on the copper atom y ie ld in g  a pyramidal arrangem ent, Ferguson [31]? 
from c r y s ta l  and so lu tio n  sp ec tra , concluded th a t  in  so lu tio n  the complex 
was square p lan a r,
Salen has been found to  complex w ith  a few o th e r t r a n s i t io n  
m etals such as titan ium (lV ) [32] and vanadium(lV) [33] and o th e r  members 
of the p e rio d ic  system in c lu d in g  m agnesium (ll) [ 12] ,  z in c ( l l )  [ 33] ,  
cadmium(ll) [ 12] and the  uranyl io n  [ 33«»34]*
Figure
CHt— CHX
C H = N  NsasCH
, - KH HO— )s
■j t-
B is(salicy la1dehydc)-ethy lcnediim inc
S a len
Fig. 1(a)
7 -9 7 A
6<S8A
Fig. I CO
>N Nl:
\  ^v°
M 11 s B iva len tm eta l 
Fig. Kb)
| ^ 7 7 1 A
//
O,
2-41 A
C u
9 U
Q
/  X
 Cu —  O  Bond
[Co]
[Co] [Co]
3-86A
© =  C obalt atom
6 -9 = Co-ordinated oxygen molecule 
Fig. I(d)
Fig. I (  e)
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OBJECT'' OF THE WORK
The o b jec t of the vrork was as follow s i
(a) To c h a ra c te r is e  the  complexes formed by co b a lt sa len  and i t s  
s u b s titu te d  d e r iv a tiv e s  w ith n i t r i c  oxide. To determ ine the e f f e c ts  o f 
su b s titu e n ts , i f  any, on the in f r a - r e d  s tre tc h in g  frequency of th e  co­
o rd ina ted  n i t r i c  oxide and o th er p ro p e r tie s  o f the compounds. These 
compounds also  seemed l ik e ly  to  e x h ib it  the uncommon co -o rd in a tio n  number 
of f iv e ,
(b) I t  was p o ss ib le  th a t  changing the m etal might lead  to  the  
form ation of n i tro s y ls  of d if fe re n t  ste reochem istry , or to re a c tio n  of
the co -o rd in a ted  lig an d  w ith  n i t r i c  oxide. Thus, i t  was in tended  to  extend 
the  re a c tio n  w ith th i s  gas to  the sa len  complexes o f neighbouring t r a n s i t io n  
m eta ls . The a i r  s e n s itiv e  M n(ll) and F e ( l l )  sa len  complexes had been 
rep o rted  but i t  Y/as necessary to  prepare and study these compounds more 
c a re fu lly  w ith  the rig o ro u s exclusion  of a i r ,
( c )  Owing to  the c o n f l i c t in g  evidence concerning the p resen ce  o f  
w ater in  c o b a lt  s a le n , fu r th e r  work Y/as n ecessa ry .
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S E C T I O N  I I
CO-ORDINATION NUMBER FIVE
NITRIC OXIDE COMPLEXES OF TRANSITION METALS
CQ-QHDINATION NUMBER FIVE
Five co-ordinate-compounds are com paratively ra re  [35a] oxygen­
a ted  cobalt salen i s  apparen tly  f iv e  co -o rd in a te , and, in  the p re sen t 
work, many f iv e  co -o rd ina te  n i t ro s y ls  have been prepared; th u s  a review 
of th is  co -o rd in a tio n  number i s  desirable*
The two most common arrangements of f iv e  groups about a c e n tra l  
m etal [36] are tr ig o n a l bipyram idal (F ig*2(a)) and square pyram idal
( F i g . 2 ( b ) ) . .
According to  group theory c a lc u la tio n s  by Kimball [ 37]> combining
one s , th re e  p and one d o r b i ta l  should y ie ld  a t r ig o n a l  b ipyram idal
s tru c tu re , although no d is t in c t io n  was made between 'upper* and 'lo w e r '
■Z
d o rb ita ls*  The use of 'upper* d o r b i ta l s  (sp d) h y b r id is a tio n  could
y ie ld ,  according to  L in n e tt and H e llish  [3 8 ], both  tr ig o n a l  b ipyram idal
and square pyramidal arrangem ents, w ith  the form er being  more probable*
The same au thors, considering  the d isp o s itio n  of e le c tro n s  in  a d ^ s^ p ^
s tru c tu re , in  ?{hich f iv e  e le c tro n  p a ir s  are  bonding, conclude th a t  an o c ta -
2 3hedral shape w ith a lone p a i r  a t an apex (d sp hybrid isation) was lik e ly *  
Daudel and Bucher [39] concluded th a t  the use of 'lower* d o r b i ta l s ,  i ,e *
(n-l)dnsnp  h y b rid isa tio n , would favour a square pyram idal arrangement*
Their work, however, has been c r i t i c i s e d  [40] because they  did  not apply 
th e  co n d itio n  of mutual o r th o g o n a lity  to  th e i r  eva lua ted  hyb rid  o rb ita ls *
—18—
However, the tr ig o n a l bipyram idal arrangement may be considered  to  a r is e
2from a combination of two h y b r id is a tio n s : sp y ie ld in g  the tr ig o n a l
p lanar bonds, and d 2P forming the l in e a r  and longer a x ia l  bonds* Thez z
2square pyram idal s tru c tu re  a r ise s  from d .^2 ^ 2  sp h y b r is a tio n  and a p^ 
o r b i ta l .
The tr ig o n a l  bipyram idal s tru c tu re  i s  more common than the  t e t r a ­
gonal pyram idal. Jensen [41] assigned  the form er arrangem ent to  compounds 
of the type R = o r SrouP> M = P,A s,Sb; X = Halogen,
on the b a s is  of th e i r  zero d ipole  moments. The halogen atoms are tra n s  
to  one ano ther, the h y b r id is a tio n  being nsnp (n )d . The vanadium compounds
VX-,• Y_ [4-2,4-31 X = C l,B r: Y = M e_,PKi ,SMe_ also  have t r ig o n a l  b i~3 2 3 3 2
pyram idal s tru c tu re s , the halogens occupying the p lan a r p o s it io n s .
H arris  [44-] al* considered  the compounds [C u ( l,1 0 -p h e n a n th ro lin e )^ ]  
where X = Cl ,B r,F  , and [ C u ^ B ’-b ip y r id y l^ X ]*  where X = Cl ,B r ,1  ,SCN~, 
to be tr ig o n a l bipyram idal or square pyram idal. X-ray c ry s ta lio g ra p h ie  
work by Barclay and Kennard [45] on the r e la te d  compound 
B is (2 ,2 f-b ip y r id y l)C u (ll) io d id e  showed i t  to  be tr ig o n a l b ipyram idal w ith  
the iod ide  atom in  the tr ig o n a l plane* The spec tro scop ic  evidence on the 
compounds [C u(chel) gClO^] PF^ [ 46] where chel -  1 ,10 -  phenan th ro  l in e  or 
b ip y rid y l, shows the p e rc h lo ra te  to  be co -o rd in a ted  g iv ing  complexes 
s im ila r  to  those above*
I t  appears th a t  when the f iv e  bonded groups are  id e n t ic a l  the  more
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symmetrical tr ig o n a l  bipyram idal s tru c tu re  i s  o ften  formed. For in s ta n c e ,
the p en tah aiid es of phosphorus, antimony, niobium [ 47]* tantalum  and
molybdenum [ 48] a l l  possess th is  s tru c tu re  in  the  gas phase b u t, except
fo r  antimony pen tach lo ride  [b$] ,  become dim eric w ith s l ig h t ly  d is to r te d
octahedra in  the s o lid  s ta te  [5 0 ] . Iron  pentacarbonyl [51] and the
iso e le c tro n ic  io n s  Mn(CO)^, Co(N=ECR)^+, are a lso  tr ig o n a l  b ipyram idal.
3—In the complex anion Ni(CN)^ [52,53*54] a tr ig o n a l b ipyram idal arrange­
ment might have been expected as a r e s u l t  of a l l  the groups being  id e n t ic a l .  
However, the cyanide groups are considered  to be p o s itio n ed  a t  the co rners 
of a te tra g o n a l pyramid. This probably r e s u l t s  from the anion being 
[Ni(CN)5H20 ]3“ , although the  presence of a w ater molecule has as y e t no t 
beer, proved, g iv ing  r i s e  to  an o c tahed ra l arrangem ent. W ithout the 
w ater molecule an o c tah ed ra l co n fig u ra tio n  could  s t i l l  r e s u l t  having a 
lo n e -p a ir  o f e le c tro n s  a t one apex. Other workers [55] doubt the
3« .
ex istence  of Ni(CN)^ •
I IX-ray vrork on compounds of the  type M (terpyJC lg  [56] where M = 
Zn,Cd,Cu| te rp y  » te rp y r id y l ,  has shown th a t  the  *r ig id i ty *  of the 
lig an d  may fo rce  the m etal to  adopt a tr ig o n a l  bipyram idal arrangement*
A s im ila r  ’s tr a ig h t  ja c k e t ’ e f fe c t  by the  lig an d  occurs in  th e  compounds 
[PtX(QAS)]Y [57] where X = Cl > Br ,1  ,SCN j QAS = T r is (o -$ ip h e n y la rs in o -  
p h en y l)a rs in e  (F ig .2 (c ) ) ;  Y = Cl7Br7sCN~,C10^~,BPhJ\ In  these  compounds 
the adoption of a t r ig o n a l bipyram idal s tru c tu re  i s  governed by the
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p o te n tia l  tr ig o n a l symmetry of the lig an d  vuhich makes p o ss ib le  th e  a tta c h ­
ment of th ree  a rsen ic  atoms in  an id e n t ic a l  manner when the c e n tra l  ao?senic 
atom i s  p laced  a t one apex. X-ray work on [Ptl(QAS)]BPh^ [ has shown 
the heavy atoms to  be a t the co rners of a t r ig o n a l  bipyram id. (F ig .2 (d ))*  
L ippert and T ru ter [ 59] by th re e  dim ensional X-ray d a ta  consider monoaquo- 
b is (a c e ty la c e to n e )z in c ( ll )  to  possess a d is to r te d  tr ig o n a l  b ipyram idal 
stru c tu re ., and B ea ttie  [60] e t  a l .  propose a s im ila r  arrangement fo r  
Me,SnClFy. the th ree  methyl groups ly in g  in  the tr ig o n a l  p lan e .
j
The t e r t i a r y  a rs in e  group TAS (MegAs^H^yisMe^CH^jAsMe^) g ives 
I Icomplexes of the type M Br^TAS, where M = N i,Pd ,P t[ 6l ] . That o f n ic k e l 
has been shovm by means of X-ray d i f f r a c t io n  [62] to  be f iv e  co -o rd in a te  
w ith  a s l ig h t ly  d is to r te d  te tra g o n a l pyram idal s tru c tu re  ( F ig .3 ( a ) ) ,  the 
Ni -  B^g^bond being longer th an  usual* The second Br atom in  the r e la te d
Pd and P t complexes i s  p re sen t as Br , a  char^p from f iv e  to  fo u rfo ld  co~
I  Io rd in a tio n . A s im ila r  tre n d  i s  apparent in  th e  sequence Co , Rh , and
I
I r  [ 63] fo r  the isocyanide d e r iv a tiv e s .
IX +Nyholm e t  a l .  [ 6l|.] consider the c a tio n s  [M (D iarsine  ^ H alogen]
I I
where M = N i,P t,P d  to  be te trag o n a l pyram idal assuming no so lv a tio n  o ccu rs . 
In  the c r y s ta l ,  however, th e  m etal i s  probably  hexacovalent. The 
h i c k e l ( l l l )  complex Ni(PBt^ )2 Br^ [ 65] (F ig .3 (b ))  possesses a d ipo le  
moment of 2 .5  Debye c o n s is te n t w ith  a te tra g o n a l pyram idal arrangem ent.
H all and Moore [ 66] from a p re lim in ary  X-ray study consider
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b i  s ( s a l i  cy 1 a l  dehy de ) -e th y le n ed i imine zinc (11) mo nohy dr a t  e to  have the
s tru c tu re  shown in  F ig .3 (c ) . The ’r ig id i ty *  of the p la n a r  lig an d  (sa le n )
in  p a r t fo rc e s  the te tra g o n a l arrangement on the m etal. An analogous
arrangement has been suggested fo r  b is (s a lic y la ld e h y d e )-p ro p a n e -1 ,-2 -
diim inecopper(ll)m onohydrate [ 67] ,  in  which the out of p lane Cu -  E^O
o
bond i s  long (2.53 A), due to  the Jah n -T e lle r  e f fe c t  [6 8 ]. C ry s ta l
s tru c tu re  determ inations on cupric form ate [ 69] show a f i f t h  bond a t  31°
to  the normal from the plane con tain ing  the fo u r oxygen atoms, to  be
p resen t. Frasson [70] e t  a l .  have shown a very s im ila r  arrangement to
e x is t ,  a t low tem peratures, in  d im ethy lg lyoxim ecopper(ll).
Several f iv e  co-ordinate n itr o sy ls  are known, i . e .  Co^Xn(N0)(FEt,.)2 3 2
— — — X I I I[71] where X = F ,C1 Br ; Co (acety lacetone^N O  [ 72] | Co (8-am ino-
quinoline^NO [73] and nitrosodim ethyldithiocarbam atocobalt(l) [ 7A-] •
A d e ta ile d  X-ray in v e s tig a tio n  has shovm the  l a s t  compound to  be square 
pyram idal (F ig .3 (d )) .  The angle between th e  m etal and th e  n i t r i c  oxide 
i s  about 139° [ 75]* and the co b a lt atom l i e s  s l ig h t ly  above the  b a sa l 
p lane (F ig .3 (e ) ) ,  The exact p o s it io n  of the bond between the m etal and 
the n i t r i c  oxide i s  no t knovm but the natu re  of the  bonding i s  s im ila r  
to  th a t  in  ethylene complexes (see S ection  I I ,  (b ) ,p .  31 )* Dithiocarbam&to 
n i t ro s y ls  of o th er t r a n s i t io n  m etals have been p repared  [ 7^*77]* e.g* 
( U e ^ C S ^ ) ^ e E 0  and (Et^NCS^J^FeNO, bu t l i t t l e  s tr u c tu r a l  evidence i s  
av a ilab le*
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Most c o b a l t ( l l )  and c o b a l t ( l l l )  compounds are te t ra h e d ra l  or 
octahedral b u t a few apparently  f iv e  co -o rd in a te  complexes have been
2-
rep o rted  [2 3 (b )] , fo r  example, [Co(CN)^] [78,79] and [Co(CN)^]
to g e th e r  w ith  oxygenated co b a lt sa le n . The cobaltocyanide i s  in  f a c t
dim eric w ith co b a lt -  co b a lt bonds [ 79*80] and in  so lu tio n  may be
[Co^N^H^O]*^ 9 The compound f i r s t  rep o rted  as Ag^Co^N)^. [®1] was
found to con ta in  b ridg ing  cyanide groups [ 82] ,  Cs^CoCl^ co n ta in s  
2-both CoCl^ and separate  Cl ions m  i t s  l a t t i c e .
Thus in  some cases where sto ich iom etry  might suggest f iv e  co­
o rd in a tio n ' the true  c o -o rd in a tio n  number i s  h igher or lower#
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NITRIC OXIDE COMPLEXES OF TRANSITION METALS
N itr ic  oxide i s  a c o lo u r le ss , param agnetic gas [ 83>82f] , As a f re e
ra d ic a l  i t  i s  unusual in  th a t  a t  ambient tem peratures i t  behaves as a
s ta b le  m olecule. S ta b i l i ty  may be due to resonance [85] between the 
s tru c tu re s  s
« XX— — XX* XX
•jj — . 0 x £—^ sN ssss 0 €—7 :N == 0
.  ' X ' • • •
XX X XX
The m olecular o r b i ta l  term inology fo r  th is  molecule i s  :
(crlS)2(t^ lS ) 2(1r2S)2(aS!23)2(^2p ) 2[w2p = w 2 p j V ’V .  = «r*2pJ1x y z y z
y ie ld in g  a t o t a l  bonding e f fe c t  of one cf" and two w bonds minus the e f fe c t
jjg
of one e le c tro n  in  an antibonding tt 2p o r b i ta l ,  agreeing  w ith  the d e-
o
term ined N -  0 bond len g th  of 1.15A.
N itr ic  oxide has a low io n is a tio n  p o te n t ia l  (9 »5 e * v .) [ 86] and 
may lo se  an e le c tro n  y ie ld in g  the nitrosonium  io n  N0+j one of the main 
resonance s tru c tu re s  of which i s  [jNEHz‘0£ .]  [8 7 a ] .
A lte rn a tiv e ly  n i t r i c  oxide may gain  an e le c tro n  forming the 
n i t r o s y l  anion N0~. The e le c tro n  a f f in i ty  has n o t been e s ta b lis h e d  
bu t io n ic  n i t ro s y ls  of the type Na NO have been ob ta ined .
As w e ll as forming many covalent and io n ic  compounds [88,89] n i t r i c  
oxide y ie ld s  co -o rd in a tio n  complexes w ith  t r a n s i t io n  m etals  [9 0 ] . There 
are f iv e  form al ways in  which n i t r i c  oxide may co -o rd in a te  :
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0 xx
( l )  M <$—  sN =  0 §
— + XX
(2) M rr— ;N =  Ox M =s N =  0 i  (Canonical forms)
( I )  ( I I )
(3) M* * — <N =5= 0
xx
(4) (N 3— 0) +
\
(5 ) N =  0 2
/
C onsidering each in  tu rn  :
(1 ) This c o n s is ts  of s tra ig h tfo rw ard  donation of an e le c tro n  p a ir
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from the n e u tra l  n i t r i c  oxide molecule y ie ld in g  param agnetic complexes, 
the odd e le c tro n  rem aining in  the  antibonding o r b i ta l  of the  n i t r i c  oxide* 
I t  i s  p o ss ib le  to  have two cen tres  of paramagnetism, the m etal and the  NO,
There i s  l i t t l e  evidence f o r  th e  ex is ten ce  of t h i s  form of bonding. In
2— 3—param agnetic ions such as [Mn(CN)^N0] and [Cr(CN)^N0] e le c tro n  spin
resonance s tu d ie s  in d ic a te  the  odd e le c tro n  to  be a s so c ia te d  mainly w ith  
the m etal and hence the bonding i s  r e a l ly  of 'type (2) ,  In  the n i t r i c  
oxide complex of haemoglobin, however, th e  odd e le c tro n  i s  lo c a te d  on the 
n i t r i c  oxide molecule [91*92], There are no in f r a - re d  d a ta  a v a ila b le  
on th is  form of bonding.
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(2) This bonding i s  c lo se ly  a l l i e d  to  th a t  found in  carbonyl com­
plexes* The n i t r i c  oxide donates the odd e le c tro n  to  the m etal reducing 
the  o x id a tio n  s ta te  by one, and co -o rd in a tes  as the nitrosonium  io n , th re e  
e le c tro n s  being donated in  a l l .  According to the valence bond approach 
back bonding from the f i l l e d  underly ing  d o r b i ta l s  of the m etal to  a p 
o r b i ta l  of the  n itro g en  occurs y ie ld in g  the double bond resonance s tru c ­
tu re  ( i l ) .  An a l te rn a t iv e  exp lanation  fo r  th is  bonding i s  to  regard  i t  
as s im ila r  to  th a t  in  ( i )  where the odd e le c tro n  of the n i t r i c  oxide 
molecule p a ir s  w ith an odd e le c tro n  of the m etal forming the  ir bond.
Bonding of type (2) i s  found in  most n i t r i c  oxide complexes. The 
n itroson ium  ion  forms s im ila r  compounds to  CO and CN w ith  which i t  i s
is o e le c tro n ic ,  as shown by the s e r ie s  :
\  \
TT TT TT
K2l>e (CN)5NO] K3[Fei i (CN)5CO] K ^Fe (CH)g]
The carbonyls, n i t ro s y l  carbonyls and simple m etal n i t ro s y ls  obey
the ‘e f fe c t iv e  atomic number' ru le  [93]» According to  th i s  ru le  a m etal
w i l l  complex so as to  a t t a in  the e f fe c t iv e  atomic number (E0A.N.) of the
next i n e r t  gas. The E0A0No i s  d eriv ed  a t  by su b trac tin g  from the atomic
number of th e  m etal th e  number o f e le c tro n s  l o s t  in  io n  fo rm ation  and then
adding the number of e le c tro n s  gained by co -o rd in a tio n  (two fo r  each group
+\
m  g en era l, but th ree  fo r  NO )•
In  the s e r ie s  Ni °(C0)4  Co- I (N0)(C0) 3 Fe"l:C(N0)2(C0) 2 [SI+] the
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decrease in  atomic number of the m etal from n ickel to  iro n  i s  compensated 
by the in c rease  in  the  number of n i t r i c  oxide groups. In  each case the 
m etal achieves the e f fe c tiv e  atomic number of krypton (36)0 These compounds 
are sometimes re fe r re d  to  as ‘pseudo n ic k e l1 complexes.
The n i t ro s y l  h a lid e s  of the general form ula l(N 0)nX [95*96] co n ta in  
co -o rd in a ted  NO * and th e i r  suggested s tru c tu re s  are based on th e  E,A,N. 
ru le ;  fo r  in s ta n c e , Ee(N0 )2I  and Co(NO) X, where X = C l,B r ,I ,  are con­
s id ered  as being dimeric con tain ing  halogen bridg ing  atoms. The diamag­
netism  of the  iro n  compounds i s  accounted fo r  by a m etal-m .etal bond [ 97] 
between the iro n  atoms, which also  in c reases  the E„A,N, to  th a t of k ryp ton ,
A s im ila r  arrangement i s  p o s tu la te d  fo r  the e s t e r  of E oussin ’s re d  s a l t  
[98] .
C o-ord ina tion  complexes do not u su a lly  con ta in  more than  one n i t r i c  
oxide molecule and are of the 'in n e r 1 r a th e r  than 'ou ter*  o r b i ta l  type,
Two n i t r i c  oxide groups may be a ttach ed  i f  the s ta b le  va,lency of the m etal 
has more than  one unpaired  e le c tro n  as in  E lec tro n
p a ir in g  in  the  d o r b i ta l s  in c reases  the number of f i l l e d  o r b i ta l s  a v a ila b le  
fo r  back donation to  the n i t r i c  oxide. I t  i s  fo r  t h i s  reason th a t  
ru th e n iu m (lll)  forms so many n i t ro s y ls  [ 88] ,
I t  i s  in te r e s t in g  to note th a t  no s tab le  n i tro s y ls  a re  formed by 
z in c , cadmium and mercury or m etals of the main groups of the p e rio d ic  
ta b le  th a t  use * outer* o r b i ta ls  in  complex form ation .
The in f ra - re d  s tre tc h in g  frequency of the n i t r i c  oxide group in
n i t ro s y ls  using bonding of type (2 ) has been found to l i e  in  the app rox i-
-1mate range 1380-1990 cm. [ 99, 100] ,  whereas th a t  of gaseous n i t r i c  oxide
—1 —1i s  a t I 876 cm. [ 101] and the  nitrosonium  io n  a t about 2279 cm,
[102 ,103]. The in c rease  in fre q u e n c y  in  going from the gas to  the 
nitrosonium  io n  i s  due to  the removal of the odd e le c tro n  from the 
antibonding o r b i ta l .  On co -o rd in a tio n  a lowering of frequency i s  to  be 
expected, The range of freq u en c ies  fo r  n i t ro s y l  compounds i s  dependent 
upon the degree of back bonding from th e  m etal. Consider the s e r ie s  ;
[ F e l;l:(CN) NO]2 " [MnI (C N )5 NO]3 " [V _ I (C N ) NO]5 -
The o x id a tio n  s ta te  and e le c tro n e g a tiv ity  decrease in  going from iro n  to
vanadium, - 'therefo re  the  tendency to  remove negative charge in  accordance
w ith  the Pauling*s e le c t ro n e u tr a l i ty  [1Q4] p r in c ip le  would be expected
to  in c re a se  thus low ering the  n i t r i c  oxide s tre tc h in g  frequency. This
-1
i s  borne out in  p ra c t ic e ,  the re sp e c tiv e  freq u en c ies  are 1944 cm, ,
-1  -1  1730-om. > and 1579 cm. .
S everal re c e n tly  repo rted  n i t ro s y ls  of « broad, um, molybdenum
and c o b a lt  [109,106] are  considered to  use bonding of type ( 2) . The
XX 3—p e n ta c y a n o -n itro s y lfe r ra te ( l l )  anion [Fe (CN)^NO] was i n i t i a l l y  
thought by G r i f f i th  to include bonding of n e u tra l NO (Type ( i ) )  [1 0 7 ],
4-
W n ilst o th er  Yforkers co n sid ered  a fo rm u la tio n  u sin g  c o -o r d in a t io n  o f  NO 
more a p p ro p ria te . However, e le c tr o n  sp in  resonance measurements shovf
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th e  odd e le c tro n  to  be d e lo ca lise d  between the iro n  and the NO ligand# 
Bernal [108] e t al# suggest such m e ta l-n itro sy l complexes should be con­
s id e red  as m olecular species w ith e lec tro n s  delO calised  to  d if f e r e n t  
e x te n ts  r a th e r  than con ta in ing  charged ligands*
I t  has been found th a t  in  hydroxylic so lven ts  conversion of NO to  
NO2 occurs re a d ily  fo r  f re e  io n s , Although hyd ro ly sis  can s t i l l  take 
p lace  c o -o rd in a tio n  of NO tends to s ta b i l i s e  the group,
[Fe(CN)p.N0]2~ + 20H** [ ^(CN ^-N O ^2^  + H20
L i t t l e  work has been done on such e q u i l ib r ia  but the tendency to  h y d ro ly s is  
v a r ie s  markedly from complex to  complex, some n i t ro s y ls  in  f a c t  may be 
p repared  in  a lk a lin e  media*
( 3 ) This invo lves an in c rease  in  the ox idation  s ta te  of the m etal 
by donation of an e le c tro n  from the m etal to the n i t r i c  oxide molecule 
follow ed by c o -o rd in a tio n  of the N0~ group by donation of an e le c tro n  p a ir*
This form of bonding i s  not common but has been suggested in  the compounds
2*fr 3—[Co(NEz)[-N0] an<3- [Co(CN) NO] which from magnetic d a ta  are  considered
to  [C.<XK3 )5« ] 2* -  * m >
and NO [93*109]•
Si
Donation of an e le c tro n  in to  the antibonding 21r p o r b i t a l  of the 
n i t r i c  oxide would low er the s tre tc h in g  frequency sev era l hundred wave
numbers, co -o rd in a tio n  would lower the  frequency even fu r th e r ,  and absorp­
t io n s  a t  around 1100 cm,"*1 are  considered to be due to  No" [ 110] ,
Although co -o rd in a tio n  in  n i t ro s y ls  i s  u su a lly  through the n itro g e n  atom,
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2*cthe u l t r a - v io le t  and v is ib le  sp e c tra  of [Co(NH^)^N0] in d ic a te  th a t
2+
bonding may be through the oxygen as in  the n i t r i t o  complex [Co(NH^)^0N0] .
Ardo.n and Herman [ i l l ]  consider [(^(HgO) NO] to co n ta in  NO *
The compound Fe(NO). has two n i t r i c  oxide s tre tc h in g  freq u en c ies*+■
+  /  *¥ « 2  MM Qcorresponding to  NO and NO and has been designated  [(NO)^Fe (NO) ] *
(4) The m etal-n itrogen-oxygen bond angle i s  not 180° as in  bonding 
o f type ( 2) bu t a t an angle approaching 90°* The 1r e le c tro n s  in  the 
m u ltip le  bonds of the n i t r i c  oxide co -o rd in a te  to  the m etal in  a s im ila r  
manner to  th a t  in  e th y le n e - tra n s i t io n  metal complexes [112]* In  these 
compounds an empty hybrid  o r b i ta l  from the m etal overlaps w ith  the 
e le c tro n  cloud between the carbon atoms. Back donation by the  underlying 
f i l l e d  d or dp hyb rid  o r b ita ls  of the m etal in to  the antibonding o r b i ta l s  
on the ethy lene molecule then  occurs.(D iagram  below)*
I T^ Xp
^  X  -  Type bond 
^  7r -  Type bond
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This type of bonding i s  s im ila r  to  t h a t  of type (2 ) and i s  consider­
ed to  be p re se n t in  b is (d ith io c a rb a m a to )c o b a lt( l ') n i t r o s y l  [ 76, 77] 9 although 
+
the NO i s  n o t bonded p a r a l le l  to  the plane of the four sulphur atoms 
(Fig,3(& )) "to d iffe re n c e s  in  the e le c tro n e g a t iv i t ie s  of oxygen and
srt
n itro g e n . The n i t r i c  oxide s tre tc h in g  frequency <m th i s  compound i s
- 1  A
1626 cm* [ 99] •
The m etal-n itrogen-oxygen bond angle d i f f e r s  from 180°, though by a 
sm aller attount than  in  the dithiocarbam ato complex, in  two ruthenium  com~ 
p lex es  [113,114] where the ruthenium ~nitrogen-oxygen bond angles are 
approxim ately 153°* In  these compounds bonding to  the  m etal appears to  
be so le ly  through the  n itro g en ,
(3 ) This bonding resem bles th a t  of CO in  the po lynuclear carbonyls. 
U n til very re c e n tly  only one compound was known to  possess a b rid g in g  NO 
group, namely (C^H^)^Mn^(NO)^ [115]* Two s tru c tu re s  have been proposed,
one o f which co n ta in s  two b rid g in g  NO groups, the o ther,one  b rid g in g  group,
-1  -1Tvro in f r a - r e d  s tre tc h in g  freq u en c ies  occur, a t  1732 cm, and 1510 cm, ,
•{rThe f i r s t  i s  considered  to  be due to NO and the o th e r to b rid g in g  n i t r i c
oxide groups, A s im ila r  frequency change i s  observed between b ridg ing  and
non-bridging  carbon monoxide groups in  iro n  enneacarbonyl [1 1 6 ], King and
B isn e tte  [117] re c e n tly  concluded th a t  in  the compounds [(C^H^)Cr(NO)^]^ and
[ (CcH_)HnC0N0] the form er contained  b rid g in g  NO groups, the  l a t t e r  p o ssib ly  
x 3 5 2
both  b ridg ing  NO and CO groups.
S E C T I  0 1  I I I
PREPARATIVE METHODS.
(a) AIR -  SENSITIVE COMPOUNDS.
(b) NITRIC OXIDE DERIVATIVES„
(c) PREPARATION OP LIGANDS.
PREPARATIVE METHODS
(a) AIR SENSITIVE COMPOUNDS.
Owing to  the ease w ith  which the S c h if f 's  b a se ~ tra n s itio n  
m etal complexes s tu d ied  in  th is  work ox id ised  i r r e v e r s ib ly  in  so lu tion? 
they were prepared? f i l te r e d ?  washed and s to red  under anaerobic 
co n d itio n s .
The apparatus (P ig .4 ) used fo r  these opera tio n s  resem bled th a t  
described  by Larkworthy [118], Commercial "oxygen -  f re e "  n itro g en  
was passed over heated  copper powder deposited  on k ie se lg u h r and then 
through a chromous su lphate  bubbler [ 119] to remove l a s t  tra c e s  of 
oxygen. The gas? which en tered  the apparatus a t  E? was p rev iously  
d rie d  w ith concen tra ted  su lphuric  ac id  follow ed by magnesium 
p e rc h lo ra te .
General p rocedures
The m etal s a lt?  d isso lved  in  a deoxygenated solvent? was 
p laced  in  f la s k  A (100 m l.) f i t t e d  w ith  a double-coned (BI4 ) tap  
(6mm.bore). F lask  A was flu shed  sev era l tim es w ith  n itro g en  befo re  
being  f i l l e d  w ith  the gas. This operation  was performed a t  the p o in t 
P on the main apparatus u sing  f le x ib le  and removable connections.
The S c h if f ’ s base and so lvent were p laced  in  the  la rg e r  f la s k  B 
(250m l,). F lask  A was then in v e rte d  and jo ined  to  B as shown in  the
-35-
diagram. With tap s  1 and 2 open and tap  3 c losed , f la s k  B was flu sh ed  
sev era l tim es w ith  n itro g e n , then  heated  under n itro g en  to  d isso lv e  
the S o h iff3s h ase . Having obtained  so lu tio n  of the S ch iff*s base the 
m etal s a l t  was added slowly by opening tap  4? th i s  a d d itio n  was 
f a c i l i t a t e d  by having f la s k  B under s l ig h t ly  reduced p re ssu re . Between 
each ad d itio n  the  re a c ta n ts  were heated . A fter a d d itio n  was complete 
tap s  1 and 2 were closed  and f la s k  A detached. With tap  3 open the 
h ea tin g  was continued, a f a s t  flow  of n itro g en  being m aintained 
throughout the apparatus so th a t  sucking back would no t occur during  
momentary coo ling  of the  re a c tio n  m ixture. When the  re a c tio n  was 
complete f la s k  B was in v e r te d  about the jo in t  G, cleaned where i t  had 
been exposed to  the atmosphere, and th e  f i l t r a t i o n  u n it  jo in ed  to  i t .  
(F ig . 5) A ll the apparatus was clamped securely  in  p o s itio n .
The f i l t r a t i o n  u n it  was flu sh ed  out severa l tim es w ith  n itro g e n  
and l e f t  under reduced p re ssu re . With taps 5 and 6 open the s o lid  was 
tr a n s fe r re d  from the  f la s k  B, v ia  tap  1, to  th e  s in te r  S, the f i l t r a t e  
being  c o lle c te d  in  f la s k  J .  Suction could be ap p lied  when req u ire d  by 
opening tap  7. The s o lid  on the  s in te r  was washed sev era l tim es w ith  
deoxygenated so lv en ts  pushed over from f la s k  C by n itro g e n  p re ssu re . 
When f i l t r a t i o n  was complete the apparatus was f i l l e d  w ith  n itro g e n , 
tap s  5 and 6 c losed  and the f i l t e r  removed from the main ap p ara tu s.
The s o lid  was t ra n s fe r re d  in to  the T -  p iece of the  ‘p ig 1 (L) by
To 
M
an
om
et
er
Figure 4
CL
T» |J  Wi
til
AP
PA
RA
TU
S 
FO
R 
PR
EP
AR
AT
IO
N 
OF
 
AIR
 
SE
NS
IT
IV
E 
C
O
M
PO
U
N
D
S
Figure 5
FILTRATION APPARATUS
TO MAIN
APPARATUS
PUMP
FLEXIBLE 
CONNECTION TO 
POINT F.
-38-
means of a  b ra ss  rod R contained in  a rubber b ladder K which was 
a ttach ed  a t  HH! to a b a l l  jo in t  M. The rod could be moved backwards, 
forwards and sideways about the b a l l  jo in t .  I f  a t any time the 
f i l t r a t i o n  apparatus was under reduced p ressure  or l e f t  to  stand., 
the b ladder was p rev iously  f i l l e d ,  w ith  n itro g en  and w ired to  the rod  
a t  I I f . This minimised ox ida tion  o f the product by a i r  th a t  may have 
d iffu sed  through the b ladder. Before t r a n s fe r r in g  the s o lid , the 
w ire a t  I I 1 was removed and by movements of the rod  the s o lid  was 
pushed in to  the lp ig f . At th is  stage the f i l t r a t i o n  u n i t  was again  
jo ined  to  the main apparatus. The b ladder and rod were removed and 
rep laced  by a sealed  b a l l  and socket jo in t  M* a g a in s t a f a s t  stream  
of n itro g e n . The whole apparatus was then im mediately evacuated.
The so lid  in  the  !p ig ’ was d rie d  under reduced p re ssu re , and, i f  necessary , 
a t  an e lev a ted  tem perature by surrounding th e  T-piece of the  ’pigf w ith an 
o i l  b a th . "When the  s o lid  was dry the f i l t r a t i o n  u n it  was again  detached 
from the main apparatus, and the so lid  shaken in to  the long g la s s  tubes 
T in  which i t  was sealed  under vacuum.
Because th e  c o b a lt compounds re v e rs ib ly  absorbed oxygen once dry 
i t  was no t necessary  to use the bladder or the ’p ig ’ . These were r e ­
p laced  by a sealed  b a l l  and socket jo in t  M' and cap N befo re  f i l t r a t i o n *
D eta ils  of p rep a ra tio n s  :
Unless o therw ise s ta te d  the methods described  above were always
-39-
used, In  a l l  cases v/here the  compound was appreciab ly  so lub le  in  the 
so lv en t, the f i l t r a t e  from the p rep a ra tio n  re a d ily  o x id ised  when exposed 
to  a i r .  Heating the so lu tio n  under reduced p ressu re  vrould not r e s to re  
the o r ig in a l  co lou r, i r r e v e r s ib le  o x id a tio n  apparen tly  o ccu rrin g .
The q u a n ti t ie s  of so lven ts  used in  the  p re p a ra tio n s  were no t 
c r i t i c a l  and are only s ta te d  when of p a r t ic u la r  s ig n if ic a n c e .
Bi s ( s a l ic y l  aldehy de) -e thy lene  diim inec ob a l t  ( I I )
The method of D iehl [19] was used, To a s o lu tio n  of b i s ( s a l i c y l -
_2
aldehyde)-ethylenediim ine (5.3& g*> 2.0 x 10 Moles) to g e th e r  w ith
—2ca u s tic  soda (1.51 g*> 3 .7  x 10 Moles) and sodium a c e ta te  (0 ,1  g . , )
in  hot w ater (60 m l.) , a so lu tio n  of hexahydrated cobaltous ch lo rid e
-2(if ,76 g . ,  2.0 x 10 Moles) in  w ater ( 10 m l.) was added. The re d d ish -
brown p a s te  which formed ¥/as f i l t e r e d  o ff  and then washed w ith  oxygen-free
w ater (50 m l.) and 9&f° e th y l a lcohol (50 m l,) . The product was d rie d  
in  vacuo a t 1X7°C f o r  th re e  hours y ie ld in g  a r u s t  co loured  powder in  
e x c e lle n t y ie ld  (80 -  9 0 %). U e c ry s ta llisa tio 'n  was not c a r r ie d  out owing 
to  the  poor s o lu b i l i ty  of the product.
Founds Co 18.19 c i 6Hn fN2° 2Co re<lu:ires Co 18.11$.
The an a ly s is  agreed w ith  th a t  of B a iles  and C alv in  [2] (See S ec tio n  V ,p ,1 .2 l).
Bi s (3-me thoxys a l i c y la l  dehyde)-e  thylenediim inec ob a l t (11)
The method of Diehl [3] was performed in  the  a i r .  To a 99% aqueous
—2so lu tio n  of ethylenediam ine (3 g . ,  5 .0  x 10 Moles) in  95%> e th y l a lco h o l
~4 o -
—2(50 m l.) was added cobaltous a c e ta te  (12.45 g.> 5*0 x 10 Moles) con­
ta in e d  in  50/50 e thano l-w ater m ixture (200 m l.) and the m ixture h ea ted  to
3  - me fc-hovLy „2
60°C. To th is  so lu tio n ^ sa licy la ld eh y d e  (15 .2  g . ,  10 .0  x 10 Moles)
d isso lv ed  in  JOfo e th y l a lcoho l (100 m l.) was added. A c le a r  brown
so lu tio n  formed which gave a yellow  p r e c ip i ta te  on stand ing . The product
was f i l t e r e d  o ff  and washed w ith  5 0 fo e thano l (100 m l.) then  r e c r y s ta l l i s e d
from 96$  a lcoho l, A golden yellow  hydrated product was ob ta ined  from
the re d  a lcoho lic  so lu tio n .
Found; Co 14.50 C1QH. J  0 Co HO re q u ire s  Co 14,61$
l o  ±0  2 4  2
CA N2V °  l 4  H2 °  Co 1^*30$
The product was a c tiv a te d  by h e a tin g  a t 170°C in  vacuo fo r  two 
hours y ie ld in g  a maroon p roduct. A weight lo s s  of 5*1$ occurred  (th e o r­
e t i c a l  fo r  one molecule o f w ater per two atoms of co b a lt = 4 .4 6 $ ). The 
f active* compound tu rned  b lack  and in c reased  in  volume on exposure to  dry  
a i r ,  weight in c rease  = 3*91$. T h eo re tica l value fo r  one molecule of 
oxygen p e r  two atoms of co b a lt = 4 *16$ .
Red so lu tions were obtained  when the  hydrated  compound was d isso lv ed  
in  chloroform  or p y rid in e .
Bi s ( 5 -n itro  sa licy la ld eh y d e ) -ethylenediim ineoob a l t ( I I ) ,
N either of the two methods used by B a ile s  and C alvin [2] to  p repare 
t h i s  compound gave s a t is fa c to ry  p roducts. T heir p re p a ra tio n s , which were
-41-
performecL in  p y rid in e  and a lso  n-propyl a lco h o l, gave what appeared to  
be so lvated  p ro d u c ts ,
A s im ila r  method to  th a t of Marvel and T&rkoy [120] was used*
—3To the S c h if f ’s base (l*2-0 g . ,  3.35 x 10 Moles) d isso lv ed  in  ho t p u r if ie d
dimethylformamide [121, 122] a so lu tio n  of cobaltous a c e ta te  (0,83 
—33,35 x 10 Moles) in  the same so lven t ¥^ as added, A deep r e d  so lu tio n  
formed which was warmed g en tly , but no t b o iled , fo r  one hour under n itro g e n . 
On cooling  and leav ing  to  stand  very dark red  c ry s ta ls  were d eposited .
The product was f i l t e r e d  and washed w ith hot deoxygenated w ater, then 
pumped dry a t room tem perature. Once the product was dry  the  apparatus 
was opened to the  a i r  and the product removed and heated  in  vacuo fo r  
two hours. The f in a l  compound was a deep re d .
Found t Co 14.03 ci6 IiL2N4°6C° r e ! u ire s  Co 
The compound tu rned  b lack  on exposure to  a i r  in c reas in g  in  w eight 
by 2.42$, Although th is  did not equal the th e o re t ic a l  value fo r  absorp­
tio n  of one molecule of oxygen per two atoms of c o b a lt (3 .88$ ), i t  was 
an improvement on the cap ac ity  of the compound ob ta ined  by B ailes  and 
C alvin [2] (l* 5 $ ), a f ig u re  c lo se r  to  the th e o r e t ic a l  would probably have 
been ob ta ined  i f  the  oxygen p ressu re  had been in c reased .
—3To b is (3 -u itro sa lic y la ld e h y d e )-e th y le n e d iim in e  (1*63 g , ,  4 .55 x  10 
Moles) in  ho t dimethylformamide (20 m l,) was added under n itro g e n , a s l ig h t
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—3excess of cobaltous a c e ta te  (l*17 g , ,  4«7 x 10 Moles) in  th e  same so lven t 
(10 m l.) .  A deep-red so lu tio n  formed which on reducing the bulk  of 
so lv en t, gave f in e  red-brown need les .
The product was f i l t e r e d  and washed w ith deoxygonated w ater. A fter 
drying a t  room tem perature i t  was 1 a c t iv a te d 1 by hea ting  in  vacuo a t 170°C 
fo r  one hour* The f in a l  product was red-brown in  co lour s im ila r  to  th a t  
of B a iles  and Calvin [ 2 ] ,  Evaporation of the f i l t r a t e  in  vacuo gave very 
la rg e  c ry s ta ls  of the compound,
Found; Co 14.25 ci 6H1 2 \ 06Co r e l u ire s  Co 14*19&
The dry compound tu rned  b lack  on exposure to  a i r ,  the o r ig in a l  
co lour could be re s to re d  by h e a tin g  the so lid  under reduced p re ssu re .
This compound had not been prepared  b e fo re .
To b is(5 ~ ch lo ro sa licy la ld eh y d e )-e th y len ed iim in e  (l.O  g . ,  2,96 x  10
Moles) in  dimethylformamide (25 m l.) a so lu tio n  con tain ing  an excess of
—3cobaltous a c e ta te  (1.09 g . ,  4 .38  x 10 Moles) in  the same so lven t 
(10 m l,) was added. On a d d itio n  of the m etal s a l t  the  yellow  so lu tio n  
tu rned  red which deepened to  red-brown as the  ad d itio n  continued . A fte r  
s tanding  under n itro g en  f o r  fo r ty - e ig h t  hours red-brown needles were 
d eposited .
The product was f i l t e r e d ,  and washed w ith  ace tone , w ater and again 
w ith  acetone. I t  was s l ig h t ly  so lub le  in  ace tone . The compound was
d ried  in  vacuo a t  room tem perature fo r  two hours and found to be s tab le  
in  a i r ,  no in c rease  in  weight was observed a f te r  prolonged exposure.
Heating the product a t  100°C in  vacuo f o r  one hour y ie ld ed  a decrease 
in  weight of 7 * 2 On exposure to a i r  a co lour change from red-brown to
almost b lack  occurred, accompanied by a weight in c rease  of 1.84$
( th e o re t ic a l  value f o r  one molecule of oxygen per two atoms of c o b a lt 
i s  4.07^*) The o r ig in a l  co lo u r could be re s to re d  by h ea tin g  the b lack  
compound under reduced p re ssu re .
Found; Co 14*74 C 49*35 H 3.46 N 6,63fo C ^ H ^ N ^ C l ^ o
re q u ire s  Co 24*07 0 48,75 H > 0 3  N 7.1C$
B is(o -hydroxyacetophenone)-e thy lened iim iiiecobalt(ll)
The method of p re p a ra tio n  d iffe re d  from th a t of B a iles  and Calvin[2]
and Diehl [3] in  being performed under n itro g e n  using a new so lv en t,
namely, dimethylformamide.
An aqueous s o lu tio n  con tain ing  a s l ig h t  excess of cobaltous a c e ta te
(1 .28 g , ,  5*14 x 10 5 Moles) was added slowly to  a hot so lu tio n  of
“3bis(o-hydroxyacetophenone)-ethylenediim ine ( l ,4 8  g , ,  5 .0  x  10 Moles) in  
dimethylfor&amide. An orange-red p r e c ip i ta te  was ob tained  im m ediately 
which was g en tly  heated  fo r  th i r ty  m inutes. A fte r f i l t r a t i o n  the product 
was washed w ith h o t deoxygenated w ater, d ried  a t room tem perature f o r  one 
and a h a lf  hours and a c tiv a te d  by heating  a t  150°C in  vacuo f o r  two hours* 
On a c t iv a t io n  the lo s s  in  weight was 5*45^ one molecule of water
corresponds to  4*85%. The f in a l  product was orange-red  and in c reased  in  
weight slowly on e:xposure to  a i r .
Found* Co 16.51 ci8 Hl8 N2°2C° rec*u ire s  Co 
B is(5~ m ethy lsa lic .v la ldeh .vde)-e thy lened iim inecobalt(ll)
The method used was s im ila r  to th a t  of B a iles  and Calvin [2 ]•
To a ho t so lu tio n  of b is(5~ m ethy lsa licy la ldehyde)-e thyelecliim ine (l»50 g,*
—35a07 x 10 . Moles) in  dimethylformamide was added a so lu tio n  o f cobaltous 
a ce ta te  ( l ,2 8  g , ,  5*14 x 10 ^ Moles) in  the same so lv en t, A red  so lu tio n  
was obtained which gave red-brown c ry s ta ls  on stand ing . The product 
was f i l t e r e d  and washed w ith  w ater and e th e r , and d rie d  a t room tem perature 
in  vacuo. A fter ’a c t iv a t in g ’ a t  100°C f o r  one and a h a lf  hours a lo s s  in  
v/eight of 1,13%  occurred . B a iles  and Calvin recorded a lo ss  of 8,00% 
under s im ila r  c o n d itio n s . The f in a l  product was b r ic k  re d  and apparen tly  
d id  no t absorb oxygen at atmospheric p re ssu re .
Found* Co 16.72 c1 8Hi8 N2°2C° r e l u ire s  Co l 6 -72/^
Bis ( 5-me tho%ys a l ic y l  aldehyde ) -e th y l enediiminecob a l t  ( I I )
D iehl [3] obtained  an 'in a c tiv e*  product by re a c tio n  of the  disodium
s a l t  of the S c h i f f 's  base in  aqueous a lcoho l w ith cobaltous c h lo rid e ,
~3Cobaltous a c e ta te  (2 ,13  g*> 8,35 x 10 Moles) in  dimethylformamide
was added to  a ho t so lu tio n  of b is(5~niethoxysalicy la ldehyde)-e thy lened iim ine
—3(2,72  g . ,  8,25 X 10 Moles) a lso  in  dimethylformamide, A deep red
so lu tio n  was formed from which dark red  needles deposited  on cooling*
The volume of so lven t was reduced by e v ap o ra tio n , the product f i l t e r e d  under 
n itro g en , and then washed w ith water* The c r y s ta l l in e ,  dark red , almost 
b lack  product Yjas d r ie d  a t  room tem perature, and then a t  170°C in  vacuo 
fo r  one hour* The re s u l t in g  product d id  not absorb oxygen on exposure 
to  a i r .
Founds 15.18 C18H18N2° ^ Co re q u ire s  Co 15«32^
An attempt to  prepare b is (a c e ty la c e to n e )~ e th y le n e d iim in e c o b a lt( ll)  
from f re s h ly  p re c ip i ta te d  cobaltous hydroxide [4,123] gave very  l i t t l e  
product even -after re flu x in g  the re a c t io n  m ixture under n itro g e n  f o r  
th re e  days.
B is ( sa licy la ld eh y d e  V ethylenediim inem anganese( I I )
A so lu tio n  co n ta in in g  a s l ig h t  excess of manganous a c e ta te  (4*0 g#,
—21*63 x 10 Moles) in  deoxygenated w ater (30 m l.) was added to  an a lco h o lic
so lu tio n  (30 ml*) of b is (sa lic y la ld e h y d e )-e th y len ed iim in e  (4.03 g*,
-21,50 x 10 Moles) co n ta in in g  almost two eq u iv a len ts  of c a u s tic  soda
■"2( l ,1 3  g. ,  2,9  x 10 M oles), An immediate yellow -orange p r e c ip i ta te  
was ob tained  which on g en tle  re flu x in g  under n itro g en  fo r  two hours gave 
a uniform  orange p roduct. The product was f i l t e r e d  using  the technique 
d escribed  above follow ed by v/ashings w ith w ater and acetone. A fte r  d ry in g  
a t  room tem perature under reduced p re ssu re  the so lid  was tra n s fe r re d  to  
the *p igf by means of the rod  and b ladder and d r ie d  again  a t  100°C in  vacuo.
The r e s u l t in g  orange powder was sealed  in  the long g la ss  tubes o f the  
’p ig f (see F ig ,5) under vacuum.
Found: Mn 17*22 C 55.34 H 4*02 N 8,33%  ^16^14^2^2 ?^n re<2u^res
Mn 17.12 C 59.80 H 4.40 N 8,73%
Although the m etal and n itro g en  analyses agree w ith the expected values 
the  carbon and hydrogen percentage's are low in  the  same proportion* This 
in d ic a te s  th a t  an im purity  was p re sen t in  the sample fo r  the carbon and 
hydrogen analysis*  I t  was n o ticed  th a t  when sealed  tubes were broken 
very sm all p ieces  of g la ss  o ccasio n a lly  contam inated the sample. Such 
sm all p ieces  were unim portant in  m acroanalyses, e ,g , m etal a n a ly s is , bu t 
they  could markedly a f fe c t  the m ic ro an a ly tica l r e s u l t s .
The orange compound d id  not appear to  oxid ise ra p id ly  in  a i r ,  bu t 
when m oistened w ith  various so lv en ts , e.g* acetone, chloroform , n i t r o ­
benzene, o r  w ater, i t  darkened immediately* Incomplete re a c tio n  re su lte d  
i f  the S ch iff* s  base was no t in  so lu tio n  as the  disodium s a l t ,  a yellow  
p r e c ip i ta te  being ob tained  on cooling th e  re a c tio n  m ixture. Mixing 
so lu tio n s  of sa licy la ld eh y d e , ethylenediim ine and manganous a c e ta te  
in  a manner s im ila r  to  th a t  o f P fe if f e r  [1 2 ], but under n itro g e n , d id  no t 
y ie ld  id e n t i f ia b le  compounds.
An aqueous so lu tio n  (30 m l.) con ta in ing  a s l ig h t  excess of fe rro u s
■*2sulphate  (3*84 g . ,  1.43 x 10 Moles) ?/as added slowly to  a b o ilin g
aqueous so lu tio n  (30 ml*) of b is(sa licy la ld e h y d e )-e th y le n ed iim in e  (4>01 g* 
—21 .4 4  x 10 Moles) con ta in ing  almost two eq u iv a len ts  of c a u s tic  soda
_2
( l . l l  g . ,  2,77 x 10 Moles) to g e th e r w ith  a sm all q u an tity  of sodium
*"3a c e ta te  (0.21 g . ,  1 .47 x 10 Moles), under n itro g en . A f lo o c u la n t
brown p re c ip i ta te  formed immediately from the red-brown so lu tio n . The
re a c tio n  m ixture was b o iled  (30 m ins.) and allowed to  cool under n itrogen*
F i l t r a t i o n  was c a r r ie d  out by the technique described  above, the product
being washed th ree  tim es w ith deoxygenated w ater and d r ie d  a t room tempera
tu re .  The maroon compound was sealed  under vacuum in  storage tubes which
inc luded  a magnetic s u s c e p t ib i l i ty  tube*
it-
Found: Fe 17.06 C 39.39 H.42 N 8.38# C ^ H ^ N ^ F e  re q u ire s
Fe 17.33 C 39.70 H 4.38  N 8*70#
The product was q u ite  soluble in  98# e th y l alcohol and in  carbon t e t r a ­
c h lo r id e , the l a t t e r  seem ingly causing decom position. H ydrolysis o r 
o x id a tio n  of the  compound did  not occur during re a c tio n  as shown by the 
red d ish  coloured f i l t r a t e  which had a pH = 7* <313. no t sm ell of s a l i c y l -  
aldehyde and gave p o s itiv e  t e s t s  fo r  fe rro u s  iro n . Exposure of the 
f i l t r a t e  to  a i r  gave a l i g h t  brown so lu tio n  which became alm ost co lo u rle ss  
on bubbling sulphtar dioxide through, and deep red-brown when oxygen r e ­
p laced  the sulphur d iox ide . The l ig h t  brown f i l t r a t e  could no t be 
rendered  co lo u rle ss  by heating  under reduced  p re ssu re . I t  seemed some
re v e rs ib le  oxygenation could occur but not by p h y sica l means. I f  the 
S c h if f fs base 7ms no t used as the disodium s a l t  i t  d id  no t d isso lv e  com­
p le te ly ,  and i t  T/as hydrolysed by the su lphuric  acid produced during 
re a c tio n  w ith  the fe rro u s  su lphate , hyd ro ly sis  s t i l l  occurred  i f  fe rro u s  
o x a la te  was used in s te a d  of fe rro u s  sulphate®
The maroon product changed to  l ig h t  brown on prolonged exposure to  
a i r ,  b u t when m oistened w ith  dimethylformamide or 98#  e th y l a lcoho l a 
yellow  brown product formed immediately,. This i s  l ik e ly  to be the  oxo« 
b ridged  f e r r i c  compound f i f s t  p repared  by P fe if f e r  [12] (S ection  I  ( a ) ,p .12)®
Bi s ( sa licy la ld eh y d e ) -e th y le n e d iim in e n ic k e l(II )
This compound was prepared in  a i r  by the method of P f e if f e r  [12]
1
using  j J q th .  of the s ta te d  quantities®  Tbe product was ob ta ined  in  good
y ie ld  (70-80#), An a l te rn a t iv e  method of p rep a ra tio n  was to add an aqueous
—2so lu tio n  (4-0 m l.) o f n ick e l sulphate (3*4 g. * 1*92 x 10 Moles) slow ly,
w ith  shaking, to  a hot a lco h o lic  so lu tio n  (70 m l.) of b is ( s a lic y la ld e h y d e )-
—2ethy lened iim ine (3 .0  g , ,  1.86 x 10 M oles). The m ixture was heated  under 
re f lu x  fo r  one hour and l e f t  to  stand . A fte r the product had separated  i t  
was f i l t e r e d ,  vrashed w ith hot w ater, a lcoho l and then  e th e r . The orange 
need les obtained  by r e c r y s ta l l i s a t io n  from chloroform  (400 m l.) were 
d rie d  a t 100°C in  a i r .
B is(sa licy la ld eh y d e )-e th y len ed iim in eco p p e r(II)
ThQ p rep a ra tio n  was c a rr ie d  out in  a i r  using P f e i f f e r 's  [12] method 
and lOO^h o f  ^he s ta te d  q u a n ti t ie s .  The product was ob ta ined  in  good y ie ld  
(80-90#) and r e c r y s ta l l i s e d  from chloroform , follow ed by a i r  drying a t  
110°-120°C.
(b) NITRIC  ^ OXIDE DERIVATIVES
The apparatus i s  shown in  P ig .6. Tap P corresponds to  the same
p o in t on the main apparatus as shown in  P ig .4*
The n i t r i c  oxide was generated b y  mixing aqueous so lu tio n s  o f fe rro u s  
su lphate  (278 g. in  1000 m l.) a c id if ie d  w ith  3&N su lphuric  ac id  (55 m l«), 
and sodium n i t r i t e  (69 go in  1000  mlj [124]. To remove oxides o f n itro g en  
the gas was passed through two tra p s  befo re  en te rin g  the apparatus a t  A, 
the  f i r s t  contained  a freez in g  m ixture of alcohol and s o lid  carbon dioxide 
and th e  second, cau s tic  soda p e l l e t s .
There were two genera l p rep a ra tiv e  methods.
Method ( l )
The S c h if f 's  base and so lven t were p laced  in  f la s k  B which was
a ttach ed  to  a sm aller f la s k  G con ta in ing  the m etal s a l t  in  a s u ita b le  solvent®
The e n t i re  apparatus was evacuated, flu shed  sev e ra l times w ith n itro g e n , and
pump, tap  1 closed  to  the 
then l e f t  under vacuum. Yifith ta p  P closed  to  th e /o u t le t ,  tap  2 c lo sed  and
tap s  3> 4 and 5 ap p ro p ria te ly  p laced , n i t r i c  oxide was passed in to  the gas
b u re tte  (cap ac ity  = 200 o c .) .  The gas could be sucked in to  the gas
b u re tte  by low ering the mercury r e s e rv o ir  (no t shown). By tu rn in g  tap  5
and opening tap s  6 and 7 the re a c tio n  f la sk s  Y^ere f i l l e d  w ith n i t r i c  oxide
to atm ospheric p ressure*  Tap 5 was then tu rned  through n in e ty  degrees
(s h o Y m  in  F ig . 6 as*| *) to  i s o la te  the b u re tte  and re a c ta n ts  under n i t r i c
ox ide. Any p ressu re  b u ild  up in  the remainder of th e  apparatus was
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r e l ie v e d  by opening tap  1 at in te rv a ls .
A fte r  le v e l l in g  the mercury in  the  b u re tte  the  magnetic s t i r r e r  
(MM1) was s ta r te d  and the  so lvent e q u il ib ra te d  w ith  the gas. By proceeding 
in  th is  manner a check could be made on the p o ssib le  re a c tio n  o f the 
S c h if f fs base and/or the  m etal s a l t  w ith n i t r i c  oxide p r io r  to mixing the 
re a c ta n ts .  A fter e q u il ib ra tio n  (one hour) the gas p ressu re  was reduced 
by low ering the  r e s e r v o ir  to  a convenient le v e l .  The S c h if f ’s base was 
then  d isso lv ed  by very g e n tle  heating  a f te r  which the f la s k  was allow ed to  
cool to  room tem perature w ithout a g i ta t io n , and the mercury re - le v e lle d *
The barom etric p ressu re  and tem perature were noted . U sually  the S ch iff* s  
base remained in  so lu tio n , although on long standing i t  would c r y s ta l l is e *  
With tap  6 c losed  the m etal s a l t  so lu tio n  was tipped  in to  the  so lu tio n  of 
the  S c h if f ’s base by s tag e s , tap  6 being  opened a t  in te rv a ls  and the uptake 
reco rd ed . A fter ad d itio n  of the m etal s a l t  was complete th e  r e a c t io n  
m ixture was tip p ed  from f la s k  B to  C and back again sev era l tim es to  ensure 
complete mixing. The re a c tio n  was allowed to  con tinue u n t i l  no f u r th e r  
change in  the mercury le v e ls  occurred , At th is  s tage  the tem perature 
and barom etric p re ssu re  were again recorded.
The apparatus was then evacuated and with ta p  5 in  p o s it io n  
f lu sh ed  w ith  n itro g en  b efo re  f in a l ly  f i l l i n g  to  atm ospheric p ressure*
A fter detach ing  the re a c tio n  v esse ls  the product was ra p id ly  f i l t e r e d  in
r-
a i r  and washed sev era l tim es w ith  su ita b le  so lven ts befo re  dying a t  room
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tem perature under reduced p re ssu re .
Method ( 2)
The procedure and apparatus were e s s e n tia l ly  the  same as in  methocj,
( l )  except f la s k  C was rep laced  by D, This f la s k  con tained  the a c tiv a te d
complex under n itro g en  (p rev iously  prepared  by re a c tio n  of the m etal s a l t
w ith  the S c h if f !s base, see S ection  I l l ( a ) ) ,  The so lven t alone in
f la s k  B was e q u ilib ra te d  w ith n i t r i c  oxide before mixing w ith th e  s o lid  in
/
D, A fte r  e q u il ib ra t io n , tap  7 was opened, the re a c ta n ts  mixed by shaking
the  f la s k s ,  and the p re p a ra tio n  continued as in  method ( l ) .
In  general method ( l )  was p re fe rre d  because i t  gave a n a ly t ic a l ly  
p u re r products and moreover, previous p rep a ra tio n  of the !a c t iv a te d 1 
complex was unnecessary. Minor m odifications in  in d iv id u a l p rep a ra tio n s  
Qjre mentioned where ap p ro p ria te .
When v o la t i le  so lv en ts  were used vapour p ressu re  c o rre c tio n s  were 
ap p lied  [125*126],
Except when otherw ise s ta te d  one molecule of n i t r i c  oxide ¥*as 
absorbed per gram atom of co b a lt complexed w ith  the S c h i f f ^  base (see 
S ection  V, Table A* p«84).
D e ta ils  of P rep a ra tio n s
Ni tro  s.vlb i  s ( s a l i  cv l a l  deh.yde) -e thy lene  diim in ec ob a l t  ( I )
—3Cobalt sa len  (0 ,75  g . ,  2.31 x 10 Moles), p rev io u sly  heated under
)
vaouum a t  120°C fo r  two hours to  remove absorbed w ater and any oxygen, was
1
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ra p id ly  weighed in to  f la s k  D (F ig .6) and l e f t  under n itro g en . In  f la s k  B,
During evacuation  of the apparatus f la s k  B was surrounded by an ethanol-* 
s o lid  carbon dioxide fre e z in g  m ixture to  reduce evaporation  of the chloroform, 
R eaction w ith n i t r i c  oxide occurred immediately the co b a lt sa len  and 
chloroform  were mixed, the so lu tio n  becoming almost b lack . The b lack  
c ry s ta l l in e  product which separated  during re a c tio n  was f i l t e r e d  o f f  a t  the 
pump, washed qu ick ly  w ith  chloroform and d rie d  under reduced p ressu re  a t 
50°-60°C u n t i l  no sm ell of chloroform  could be d e tec te d . R e c ry s ta l l is a ­
t io n  was c a r r ie d  out by re f lu x in g  the product w ith  chloroform  (400 ml* per 
gram of s o lid ) .  Evaporation of th e  so lven t to  a q u a rte r  of the o r ig in a l  
volume gave w ell formed b lack  c r y s ta ls ,  y ie ld  approxim ately 60#. When 
viewed under a microscope the  c ry s ta ls  were seen to  be hexagonal p la te s ,  
w ith  a tendency to  c lin g  to g e th e r .
a c e to n i t r i le ,  dimethylformamide, n itrobenzene, methylene ch lo rid e  and
ethy lene d ic h lo rid e . The l a s t  two so lv en ts  apparen tly  caused decompose
* 2
a green product d ep o sitin g  on stand ing , Nast [74] a lso  observed decom­
p o s it io n  of n i t ro s y l  b is (a c e ty la c e to n e )c o b a lt( l )  in  c h lo r in a te d  so lvent;
p u r if ie d  chloroform  [127] (25 m l.) was e q u ilib ra te d  w ith  n i t r i c  oxide.
Found: Co 16.49 C 53.91 H 4.00 N 11.36# ci 6H14N3°3C°
re q u ire s
Co 16.59 C 54.08 H 3.97 N 11.83#
The product remained unchanged on exposure to  a i r  and was so lub le  in
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y ie ld in g  green compounds*
A bulk p rep a ra tio n  of the n i t ro s y l  was c a r r ie d  out by adding the
*-2a c tiv a te d  co b a lt salen  (10 g . ,  3*4 x 10 Moles) ag a in s t a stream  of 
n itro g en , to  a re a c t io n  f la s k  con tain ing  chloroform  (40 m l.) , The 
apparatus was evacuated and n i t r i c  oxide bubbled through the m ixture u n t i l  
re a c tio n  seemed com plete. The product obtained  by th is  method was 
id e n t ic a l  to th a t  from the small sca le  p rep ara tio n s
Perform ing the re a c tio n  w ith n i t r i c  oxide a t 50°-60°C gave two 
products a f t e r  r e c r y s ta l l i s a t io n .  One contained  about 21 -  22# c o b a lt , 
the o th er 12 -  13# c o b a lt .  These compounds vtere no t in v e s tig a te d  f u r th e r .
B is(3 -m ethoxysalicy laldehyde)-ethy lened iim ine (1.32 g . ,  3*99 x 10 ^ 
Moles) in  dimethylformamide (15 m l.) contained in  f la s k  B, and cobaltous 
a c e ta te  (0.996 g . ,  4 .0  x 10 Moles) d isso lv ed  in  the same so lven t (10 m l.) 
in  f la sk  C were e q u il ib ra te d  w ith n i t r i c  oxide. F lask  B was wanned to  
d isso lv e  the S c h if f 1 s base and allow ed to  cool un d istu rb ed . On mixing 
the  re a c ta n ts  a brown so lu tio n  was obtained  accompanied by rap id  abso rp tion  
of n i t r i c  oxide. A brown s o lid  deposited  as th e  r e a c t io n  proceeded. The 
s o lid  was f i l t e r e d  ra p id ly  in  a i r ,  washed w ith w ater, acetone, and e th e r , 
and d rie d  at room tem perature in  vacuo. I t  was a dark brown-green 
powder, s ta b le  in  a i r  and ob tained  in  60#  y ie ld .
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Found: Co 14.16 C 52.19 H '4 .1 4  N 9 . 9 9 ^ 0 ^ ^ ^  0 00
re q u ire s
Co 24.20 C 52,04 H 4.38  N 10.12$
The S c h if f fs base separated  on mixing the r e a c ta n ts ,  but t h i s  d id  
not a f fe c t  the o v e ra ll  re a c tio n . The product was qu ite  so luble in  d i— 
methylformamide, chloroform , a c e to n i t r i l e ,  p y rid in e  and n itrobenzene , 
y ie ld in g  brown so lu tio n s , bu t in so lu b le  in  w ater, carbon teLr&ohlorn rle, 
benzene and cyclohexane.
Before the  n i t ro s y l  was su cc e ss fu lly  obtained  by method ( l ) ,  
method ( 2) was t r i e d  many tim es w ith various so lv en ts . As shown in  
Table 1 the uptake of n i t r i c  oxide was u su a lly  near the  expected  value 
except w ith  cyclohexane. The compound was very poorly  so lub le  in  th i s  
non-coord inating  so lven t and a coating  of product on the  undisso lved  m a te r ia l 
le d  to  incom plete reac tion*  A nalysis fo r  co b a lt of the p roducts from 
various so lv en ts  showed them to  be in d e f in i te  and to  have a tendency to  
r e ta in  the so lv en t. R e c ry s ta l lis a t io n  always caused decom position.
In  p y rid in e  the re a c tio n  was rap id  u n t i l  one molecule of n i t r i c  oxide had 
been absorbed, bu t then i t  continued slowly and in d e f in i te ly .  Presumably 
th e re  was some ad d itio n a l re a c tio n  w ith  the lig a n d  o r w ith  the so lv e n t, 
However, a reasonably pure product (see below) was ob tained  from p y rid in e  
by ,stopp ing  the re a c tio n  when one m olecule of n i t r i c  oxide had been ab­
sorbed, and by using a minimum of so lvent so th a t  the p roduct separated  
ra p id ly .
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TABLE 1
R eaction of N itr ic  Oxide vdth b i s ( 5~m ethoxvsalicylaldehyde)-ethylenediim ine-
o o b a l t t l l )
General Method Used
Method ( 2)
Moles of N itr ic  Oxide Absorbed 
per Gram Atom of Cobalt com- 
plexed w ith  th e  S c h if f1s base
Solvent
1 .03 Dime thy I f  ormami de
1 .1 1 11
0.93 Chloroform
Continuous P yrid ine
1 .02 »
1 .0 0 tt
1 .10 tt
0 .92 tt
0 .42 Cyclohexane
0 . 8 2 A c e to n itr ile
B is(3 -m eth oxysalicy la!dehyde)«ethy lened iim inecobalt(ll)  (1 .25 g . ,
"*33.25 x 10 Moles), p rev io u sly  a c tiv a te d , was sea led  under n itro g en  in
f la s k  D, P yrid ine  (15 m l.) was e q u il ib ra te d  w ith  n i t r i c  oxide in  f la s k  B,
On mixing the r e a c ta n ts  a ra p id  ab so rp tio n  of n i t r i c  oxide occurred which 
7/as term inated  a f te r  one molecule of th e  gas had been absorbed. A
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green-brown compound separated  during th e  re a c tio n  and was f i l t e r e d  o f f  
immediately* The product 7/as washed w ith  acetone and d ried  a t room
tem perature in  vacuo and then  a t 170° -  180°C f o r  s ix  hours. A lo ss  in
weight of 2. 4$  occurred y ie ld in g  a brown product.
Founds Co 14.21 C 52.52 H 4.55 N 9.31$ c18Hi8 N3°5C° req-u ire s
Co 14*20 C 52.04 H 4 .38  N 10.12$
Although the re a c tio n  in  py rid in e  ev en tu a lly  gave a reasonab ly  pure 
product removal of the so lven t was d i f f i c u l t  and the m icroanalysis  in d ic a te d  
some lo s s  of n i t r i c  oxide,
Flask- B contained  b i s ( 6-n itro sa lic y la ld e h y d e )-e th y le n e d iim in e  (0 ,39 g. 
—31,09 x 10 Moles) d isso lv ed  in  warm dimethylformamide (5 m l,)* F lask  C
—3contained s o lid  cobaitous a c e ta te  (0.30 » 1 .2  x 10 Moles) which was
added slowly to  the S c h if f1 s base a f te r  e q u il ib ra t io n  of the  re a c ta n ts  7/ i th  
n i t r i c  oxide. An immediate re a c tio n  occurred  y ie ld in g  a choco la te  bro7/n 
product. The product 7/as f i l t e r e d ,  washed w ith  dimethylformamide, a lco h o l, 
w ater and a lcoho l again , then d rie d  in  vacuo a t  room tem perature.
Found: C 43.19 H 2.87 N 15.36$Cl 6HL2N507Co re q u ire s
C 43.11 H 2.73 N 15.73$
A fte r e q u il ib ra t in g  b is (5 -n itro sa lic y la ld e h y d e )-e th y le n e d iim in e
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(0,86 g , ,  2,42 x 10 ^ Moles) in  dimethylformamide (20 m l.)  and cobaltous 
ace ta te  (0 ,6 l  g . ,  2.4-5 x lo"*^ Moles) a lso  in  dimethylformamide (10 m l.) , 
w ith  n i t r i c  oxide?the re a c ta n ts  were mixed. An almost b lack  so lu tio n  r e ­
su lte d  which gave b lue-b lack  c r y s ta ls  a f te r  ra p id  abso rp tion  of n i t r i c  
oxide. The product was f i l t e r e d  in  a i r ,  washed w ith w ater, e th y l a lcoho l 
and e th e r , then d ried  a t  room tem perature under reduced p ressure*  Black 
c ry s ta ls  were obtained  in  low y ie ld  55$) owing to  the s o lu b i l i ty  of the 
product in  dimethylformamide.
Found? Co 1 3 .AO C A3.82 H 3.06 N l S . A ^ ^ H ^ i y )  Co re q u ire s  
Co 13.23 C A3*11 H 2.72 N 15.73$
P relim inary  attem pts to  p rep ara  th i s  n i t ro s y l  using the p rev io u sly  
prepared  co b a lt -  S c h i f f ’s base complex (method l )  gave in d e f in i te  com­
pounds from chloroform , p y rid in e  and a c e to n i t r i le ,
—3B is (3- 3iitro sa lic y la ld e h y d e )-e th y le n e d iim in e  (0,95 S ., 2.66 x 10 Moles)
—3in  dimethylformamide (15 m l,) and cobaltous a c e ta te  (0,73 g», 2 .9 3 x 1 0  Moles) 
a lso  in  dimethylformamide (10 m l,) wmre e q u il ib ra te d  w ith n i t r i c  oxide and 
then  mixed. Rapid abso rp tion  of n i t r i c  oxide occurred  g iv ing  a b lack  
product. F i l t r a t i o n  was performed in  a i r  and th e  compound washed w ith  
w ater, e th y l a lcohol and e th e r  follow ed by vacuum drying  a t room tem perature*
-5 9 -
Found; Co 13.03 C A2.A8 H 2.69 N 15.81$ ° 0° re q u ire s
Co 13.23 C A3.11 H 2.72 N 15.73$
N itro  s v lb is ( 5-chloro sa licy la ld eh y d e )-e th y len ed iim in ec o b a lt( I )
Mixing b i s ( 5-ch lo ro sa licy la ld eh y d e)-e th y len ed iim in e  (l.O  g . ,
2.96 x 10~3 Moles) con tained  in  dimethylformamide (20 m l.) and cobaltous
a c e ta te  (0 .79  g . ,  3.17 x lo"*3 Moles) d isso lv ed  in  the same so lvent (10 m l.)
under n i t r i c  oxide gave a b lack  c r y s ta l l in e  s o lid .  The product was f i l t e r ­
ed in  a i r ,  washed with e th y l alcohol and e th e r , and then vacuum d ried  a t  
room tem perature. The product, obtained  in  60$ y ie ld , was found to  be 
q u ite  so luble in  e th y l a lcoho l and n itrobenzene.
Found; Co 13.99  CAA0 8 2  H 2.88 N 9.A5$ C ^H ^N  ° C12C° re q u ire s  
Co 13.90 C A5.30 H 2.86 N 9.92$
M itrosv lb i s(A -chloro sa licy la ld e h y d e )-e th y le n ed iim in e c o b a lt( i)
The p rep a ra tio n  and sep ara tio n  of the b lack  product, a f t e r  ra p id
absorp tion  of n i t r i c  oxide, were c a r r ie d  out as fo r  the 5-ch lo ro  compound.
The q u a n ti t ie s  used were; B is(A ~chlorosalicy laldehyde)~ethy lened iim ine 
(Oc69 g . ,  2,05 x 10 3 Moles) in  dimethylformamide (10 m l.) ,  cobaltous 
ace ta te  (0 ,69 g . ,  2.77 x 10 Moles) in  dimethylformamide (10 m l,) .
Found: Co 13.63 C AA.82 H 2,96 N 9. 60$  c16^L2N303C12Co re(lu ire s
Co 13.90 C A5.30 H 2.86 N 9.
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N itro sy lb is (a o e ty la ce to n e )-e th y le n e d ilm in e co b a lt( i)
On mixing a s lig h t  excess of b is (ace ty lace to n e )-e th y len e d iim in e
(1,64  g. ,  7,32 x 10*^ Moles) in  absolute alcoho l (10 m l.) w ith  cobaltous
—3a ce ta te  (1.69 g . ,  7 .68 x 10 Moles) in  water (5 m l.) under n i t r i c  oxids 
the so lu tio n  darkened dep o sitin g  a b lack c r y s ta l l in e  product* A fte r con­
c en tra tin g  the so lu tio n  the product was f i l t e r e d  and r e c r y s ta l l i s e d  from 
e th y l a lcohol under n itro g en  follow ed by vacuum drying a t  room tem perature.
Found; Co 18.61 C 46.77 H 5.79 N 13.19$ C2 . ? \ ^ 3 ° 3 Co re (iu ire s
Co 18.92 C 46.30 H 5*84 N 13.50$
This n i t ro s y l  was apparen tly  more s ta b le  than the m a jo rity  of r e ­
la te d  compounds prepared; analyses and in f r a - r e d  sp ec tra  showed th a t  no 
change occurred on r e c r y s ta l i i s a t i c n  provided th i s  was done under n itrogen* 
The product when dry was s ta b le  in  a i r ,  bu t in  so lu tio n  changed ra p id ly  
from purple to  brown.
I t  was necessary  to  co rrec t fo r  the  vapour p ressu re  of the so lven t 
in  determ ining the amount of n i t r i c  oxide absorbed.
The m etal s a l t  was in v a r ia b ly  used i n  a s l ig h t  excess throughout th e  
n i t r i c  oxide uptakes bu t owing to  the h igher s o lu b i l i ty  of the  aoety lacetone
S c h if f ’s base in  aqueous a lco h o l, i t  was the r e a c ta n t  used in  excess fo r
th is  re a c tio n .
Performing the uptake in  dimethylformamide gave r i s e  to  a rap id  
which continued
absorp tion  of n i t r i c  o x id e /a t a reduced r a te  p a s t the p o in t o f  on© m olecule
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of n i t r i c  oxide absorp tion  (see reac tio n  of b i s ( 3“*m ethoxysalicylaldehyde)- 
e th y le n e d iim in e co b a lt( ll)  in  p y rid in e , th i s  se c tio n , p .53).
at (i)
■*3B is(o-hydroxyacetophenone)-ethylenediim ine (l.O  g . ,  3*38 x 10 Moles)
—3in  dimethylformamide ( lO m l.)  and cobaltous a c e ta te  (O. 86 g , ,3 .^ 5  x 10 Moles) 
in  the same so lven t (4 m l.) were e q u il ib ra te d  w ith  n i t r i c  ox ide . On
mixing the re a c ta n ts  a rap id  absorp tion  of n i t r i c  oxide occurred  giving a
black  c ry s ta l l in e  p roduct. This was f i l t e r e d  in  a i r  and the s o lid  washed 
w ith w ater, e th an o l and e th e r; then d ried  a t room tem perature in  vacuo.
The f in a l  product 7/as b lack  and ob tained  in  70$ y ie ld .
Found Co 15.34 C 56.54 H 5.15  N 10,75$ re<luil,efl
Co 15*38 C 56.40 H 5.27 N 10.98$
~3B is(5~m ethy lsa licy la ldehyde)-e thy lened iim ine (l.O  g . ,  3*38 x 10 Moles)
~3in  dimethylformamide (10 m l.) and cobaltous ace ta te  (0 .92 g .,3*69  x 10 Moles) 
a lso  in  dimethylformamide (5 m l.) were e q u il ib ra te d  w ith n i t r i c  oxide. On 
mixing a dark brown c o lo u ra tio n  formed to g e th e r w ith a ra p id  ab so rp tio n  of 
the gas y ie ld in g  a brown compound. The product was f i l t e r e d  in  a i r ,  
washed w ith  e thano l and d r ie d  a t  room tem perature in  vacuo.
Found; Co 15,65 C 56.53 H 4.98  N 10.82$ C . ^ qN 0 Co re q u ire s  
Co 15.38 C 56.40 H 5.27 N 10.98$
The product was \ery so lub le  in  dimethylformamide and attem pts to  
p re c ip i ta te  the compound using d ie th y le th e r  gave compounds of in d e f in i te  
composition,,
N itro  sy lb i s ( 5-me thoay sa licy la ldehyde)-e thy lened iim ineo  o b a lt ( l )
~3 vB is(5“m ethoxysa!idyla2dehyde)“ethy lened iim ine ( l.5 1 g « , 4 .9  x 10 Moles)
~3in  dimethylformamide (20 m l.) , and cobaltous a c e ta te  ( l ,4 0 g .,  5*62 x 10 Moles) 
in  the same so lven t (10 m l.) were e q u ilib ra te d  w ith  n i t r i c  oxide. A g reen - 
brown compound was p re c ip i ta te d  during the ra p id  absorp tion  o f  the gas®
The product v/as f i l t e r e d  in  a i r ,  washed w ith  w ater, ethanol and e th e r, then 
d rie d  under reduced p ressure  a t  room tem perature . A 70$ y ie ld  o f the  
product was obtained*
Found; Co 14.26 C 52.09 H 4.52 N 9 .86$  re q u ire s
Co 14.20 C 52.04 H 4.38  N 10.12$
The q u a n tita tiv e  r e s u l t s  of the n i t r i c  oxide abso rp tio n s fo r  a l l  
the c o b a lt compounds prepared are shown in  Table 4 , S ection  V, p . 84.
Some p re lim inary  work, c a r r ie d  out w ith the manganese ( i l )  and the 
i r o n ( l l )  compounds, i s  described  in  d e ta i l  below*
R eaction of B is/aalicv laldehydeA -ethv lened iim inem anganesefll’) w ith  n i t r i c  
oxide
P rep ara tio n s  based on methods ( l )  and ( 2) above were c a r r ie d  o u t.
Method ( l )
B is(sa licy la ld eh y d e)-e th y len ed iim in e  ( l .0 3  g . ,  3<>82f x 10 ^ Moles) in
■"3dimethylformamide (30 m l.) and manganous ace ta te  ( l .0 2  g . ,  4*16 x 10 Moles) 
also  in  dimethylformamide (10 m l.) were sep ara te ly  e q u il ib ra te d  w ith n i t r i o  
oxide. On mixing, a brown so lu tio n  formed fdiich gave a green-brown 
product. The product was f i l t e r e d  in  a i r ,  crashed vfith w ater, acetone and 
e th e r , then d ried  a t  room tem perature under reduced p re ssu re . The gas 
uptake was rap id  corresponding to  0.74 Moles of n i t r i c  oxide p e r gram atom 
of manganese complexed w ith  the S ch iff*s b ase .
Found; Mn 13*20 ^gH^N^O^Mn r e l u ire s  Mn 15*63$
ci e V N2 O^ MnJp NO re q u ire s  Mn 15*98$
”*3B is(sa licy la ld eh y d e)-e th y len ed iim in e  (l.O  g . , 3*73 x 10 Moles) in
~3chloroform  (20 m l.) , and manganous a c e ta te  (0.95 g*> 3*88 x 10 Moles) in
aqueous e th an o l (13 m l.) were e q u ilib ra te d  w ith n i t r i c  ox ide. On mixing,
the so lu tio n  tu rned  brovm bu t no so lid  was deposited , A slow absorp tion  
of 0„75 ~ 0 ,9  Moles of n i t r i c  oxide per gram atom of manganese complexed 
w ith  the S c h i f f fs base occurred.
Method (2)
B is(sa licy la ldehyde)-e thy lened iim inem anganese(ll) (0 .39  g , ,
_3
1,21 x 10 M oles), contained in  a notched, sea led  tube, was p laced  bet?/een 
a b a l l  and socket jo in t .  (This jo in t  rep laced  f la s k  C and tap 7 i n  F ig ,6 ).
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The so lven t (chloroform , 25 m l.) was e q u il ib ra te d  w ith  the n i t r i c  oxide 
in  f la s k  B, a f te r  which the tube con ta in ing  the  manganese complex was 
broken using the b a l l  and socket jo in t ,  and the s o lid  washed in to  f la s k  B, 
A slow absorption  of n i t r i c  oxide occurred (1 .8  moles per gram m olecule of 
manganese -  S ch iff* s  base complex, in  tw enty-four hours) y ie ld in g  a brown 
product. The re a c tio n  m ixture d id  not re a c t w ith  oxygen, the compound 
was f i l t e r e d  in  a i r  and r e c r y s ta l l i s e d  from chloroform .
Both methods gave products of s im ila r  manganese co n ten t. The 
f ra c t io n a l  uptake found by method ( l )  may be due to  hyd ro ly sis  by the  
a c e tic  acid  generated in  the reaction*  F u rth er work i s  necessary  to  
determine the nature  of the p ro d u c ts .
The p rep a ra tio n  was performed as in  method (2) above, B is ( s a l ic y l -
n itro g e n . Dimethylformamide (30 m l.) was e q u il ib ra te d  w ith  n i t r i c  oxide 
in  f la s k  B, a f t e r  irhich the r e a c ta n ts  were mixed under the  gas. A ra p id  
re a c tio n  occurred in  which 0.98 moles of n i t r i c  oxide per gram m olecule 
of complex was absorbed, to  give a brown s o lu tio n . No s o lid  was d eposited  
and in  a i r  the so lu tio n  changed from brown to deep red .
had been absorbed the apparatus was evacuated and f i l l e d  w ith  oxygen. Appro­
xim ately h a lf  a molecule o f oxygen per gram atom of iro n  complex was r a p id ly
unci
Mn 2N0 re q u ire s  Mn 14.45$
Reaction of B is enediim in e iro n ( I I )  wi
—3a ld eh y d e)-e th y len ed iim in e iro n (II) (0 .5  g . , 1*55 x 10 M oles), p repared  
p r io r  to  re a c tio n  (see S ection  I l l ( a ) ,  p . k&) was k ep t in  f la s k  D under
The above re a c tio n  was repeated  and a f te r  one molecule of n itr i®  oxide
absorbed, the so lu tio n  changing from brown to  deep re d . I t  was not 
p o ssib le  to  i s o la te  any s o lid  m a te r ia l from the above so lu tions,,
However, mixing b is (sa lic y la ld e h y d e )-e th y le n e d iim in e iro n ( ll)
(0 ,7  g . ,  2.2 x 10“^ Moles) w ith 96$ e thano l (20 m l.) under n i t r i c  oxide
gave a ra p id  uptake of 0,80 moles of the gas per molecule of iro n  complex.
A brown-green product separated  which was f i l t e r e d  under n itro g en .
Found: Fe 16.14 Ci6 HiAN202Fe N0 r e l u ire s  15.86$
A c o rre c tio n  fo r  the vapour p ressu re  of the so lven t was ap p lied .
Exposure of the f i l t r a t e  from th e  p rep a ra tio n  to  a i r  gave a ra p id  co lo u r 
change from red  to  brown. The compound when dampened w ith the  so lv en t 
a lso  changed tc  red  in  a i r ,  a lthough when dry seemed q u ite  s ta b le  (see
Section  V, p . 120 f o r  fu r th e r  ?<rork on th is  compound).
Carrying out the  re a c tio n  as method ( 2) e lim in ated  absorp tion  of 
n i t r i c  oxide by the fe rro u s  su lphate  so lu tio n  [128]. But more im portan t i t  
prevented the  h y d ro ly sis  th a t  occurs when an aqueous so lu tio n  of fe r ro u s  
su lphate i s  mixed w ith the S c h i f f 's  base in  dimethylformamide. The
hydro lysis  of the product and th e  S c h if f ! s base r e s u l t s  from th e  su lp h u ric
acid  produced during the  re a c tio n . A p re lim in ary  re a c tio n  using fe rro u s  
a c e ta te , p repared  p r io r  to  re a c tio n , in  p lace of fe rro u s  su lphate  gave a 
rap id  re a c tio n  w ith  n i t r i c  oxide and subsequently  w ith  oxygen. No s o lid ,
however, could be is o la te d  from the re a c tio n  m ixture.
The n i c k e l ( l l ) ,  c o p p e r ( l l ) ,  and  z in c ( l l )  complexes d id  no t r e a c t  v /ith  
n i t r i c  oxide e i th e r  by method ( l )  o r method (2) ,
(c ) PREPARATION OF LIC-ANDS
The p r e p a r a t i v e  m e th o d  u s e d  b y  D ie h l  [ 1 9 ]  p ro v e d  t o  b e  g e n e r a l l y  
s u c c e s s f u l  f o r  t h e  S c h i f f f s  b a s e s  s t u d i e d ,
(1 ) Bi s ( s a licy la ld eh y d e) -e th y len ed i imine
An a lco h o lic  so lu tio n  o f ethylenediam ine (6 ,0  g . , 0,1 Mole) was 
added to  a b o ilin g  a lcoho lic  so lu tio n  of s a l ic y l  aldehyde (24*5 g*, 0*2 Mole). 
Yellow p la te le t s  were immediately p re c ip i ta te d  which a f te r  f i l t r a t i o n  were 
r e c ry s ta l l i s e d  from ethano l or dimethylformamide. The l a t t e r  w as the 
b e t te r  so lven t. The product was d rie d  a t 110° -  120°C in  a ir*
> -e th.yl ene diim ine
T he a ld e h y d e  w as p r e p a r e d  f ro m  m - n i t r o p h e n o l  b y  t h e  R e im e r-T ie m a n n  
r e a c t i o n  [ 1 2 9 ] ,  an d  c o n d e n s e d  w i t h  e t h y l e n e d ia m i n e .  C a re  w as t a k e n  n o t  
t o  a d d  an  e x c e s s  o f  t h e  am in e  b e c a u s e  t h e  n i t r o - s u b s t i t u t e d  S c h i f f * s  b a s e s  
w e re  s o l u b l e  i n  a n  e x c e s s  o f  e th y l e n e d ia m i n e ,  d u e  t o  t h e  f o r m a t i o n  o f  t h e  
e th y l e n e d ia m in e  s a l t  o f  t h e  m o d e r a te ly  a c i d i c  n i t r o p h e n o l s *
The aldehyde and the amine were condensed as in  ( l ) .  A yellow  
powder p re c ip i ta te d  which caused v io le n t bumping on continued h e a tin g .
The product was p u r if ie d  by r e c ry s ta l l i s a t io n  from dimethylformamide, no t 
by sublim ation [120] and then d ried  in  a i r  a t  120°C,
T h is  a ld e h y d e  w as p r e p a r e d  b y  n i t r a t i o n  o f  s a l i c y l  a ld e h y d e  [ 3 ]
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y ie ld in g  tan  c r y s ta ls .  Condensation w ith  ethylenediam ine as in  ( l )  gave 
an orange-yellow powder. The product was r e c ry s ta l l i s e d  from djm ethyl- 
formamide, washed w ith  ethano l, and d ried  in  a i r  a t  110° -  120°C.
(5 )
The s u b s titu te d  aldehyde was prepared  from j3-ch lorophenol using 
L ig g e tt and D iehls [130] m odifica tion  of the  Duff [131] re a c tio n . I t s  
condensation w ith  ethylenediam ine as in  (1 ) gave yellow  p l a t e l e t s .  These 
were r e c ry s ta l l i s e d  twice from ethano l and d ried  a t 110° — 120°C in  a i r .
Founds C 57.20 H 4.11 N 8*12 Cl 22.0$ C^H^NgOgClg re q u ire s
C 57.10 H 4.19  N 8.30 Cl 21.02$
( 6) Bi s (4 -o h lo ro sa licy la ld eh y d e)-e th y len ed llm in e
The aldehyde was prepared from m-chlorophenol by means of the  
Reimer-Tiemann re a c tio n  [132], Condensation w ith ethylenediam ine was 
performed as in  ( l )  y ie ld in g  a yellow  po?/der. The product was re c ry s ta L l-  
is e d  from e th an o l, and d rie d  in  a i r  a t  110° -  120°C*
(7) B is ( ao ety lacetone)-e thy lened iim ine
T he m e th o d  o f  M a r t e l l  [1 3 3 ]  e t  a l .  w as u s e d ,  a n d  t h e  p r o d u c t  r e ­
c r y s t a l l i s e d  f ro m  c a rb o n  t e t r a c h l o r i d e  t o  g iv e  c o l o u r l e s s  n e e d l e s .
(8)
The p rep a ra tio n  was c a r r ie d  out as in  ( l )  w ith  s a lic y l  aldehyde r e ­
p laced  by o-hydroxyacetophenone. A lemon yellow  product was obtained  
which was r e c r y s ta l l i s e d  from e th an o l. The yellow  n e e d le - lik e  product
e n e d i im in e
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was d ried  a t 110° -  120°C,
(9) B is(5 -m ethy lsa licy la ldehyde)-e thy lened iim ine
The aldehyde was prepared from ]>-cresol by means of the  m odified 
Duff [130] re a c tio n . Condensation w ith  ethylenediam ine was perform ed as 
in  ( 1 ) . The product was r e c ry s ta l l i s e d  from e th an o l to  form yellow  p la te ­
l e t s ,  and d ried  a t 110° -  120°C,
d o )  B i s ( 5 - m e t h o x y s a l i c y l a l d e h y d e ) - e t h y l e n e d i  in l in e
The aldehyde was prepared from £-methoxyphenol using  th e  m odified 
Duff [130] re a c tio n . Condensation w ith  ethylenediam ine was perform ed as 
in  ( l )  and the product was r e c ry s ta l l i s e d  from dimethylformamide. A 
yelloYf powder was ob tained  which was d ried  in  a i r  a t  110° -  120°C.
(11) B is (3-methoxy sa lid y la ld eh y d e) - ethylene di imine
The p rep ara tio n  was performed as in  ( l ) ,  using  commercial o -  
v a n i l l in .  The product was r e c ry s ta l l i s e d  from dimethylformamide as a 
yellow  powder, which was d ried  in  a i r  a t  110° -  120°C,
The p rep a ra tio n s  above gave S ch iff* s bases in  e x c e lle n t y ie ld s  
(80 -  SQfo), A l i s t  of m eltin g -p o in ts  i s  shown in  Table 2.
An attem pt to  prepare the 4 -n itro  s u b s ti tu te d  aldehyde using  the 
method of Segesser and C alvin [134] was no t su ccess fu l.
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TABLE 2
The am in e  i n  a l l  c a s e s  w as e t h y l e n e d ia m in e  an d  e x c e p t  w h e re  s t a t e d  
t h e  a ld e h y d e  w as s a l i c y l a l d e h y d e 5 o r  a  s u b s t i t u t e d  d e r i v a t i v e .  I n  
T a b le  2 t h e  s u b s t i t u e n t s  o n ly  a r e  e n t e r e d .
S c h i f f * s  b a s e j l e l t i n g - p o i n t  o b t a i n e d  °C j L i t e r a t u r e  v a l u e
o f  m e l t i n g - p o i n t  °G
U nsubstitu ted 123 123 [19]
6>6 , -d in i t ro 189 -  191 -
5 ,5 ’-d in i t r o 279 -  277
(decom position ?)
275 -  277 t
3*3 *- d in i t ro 246-247
(decom position)
-
5,5*-d ic h lo ro 174 -  175 -
4 j4 f-d ich lo ro 148 -  149 148.5 [135]
B is (a c e ty la c e to n e )-  
ethylenediim ine
109 -  110 113 [133] 
H I  [4]
Bi s ( £-hy dr oxy ace to  phenone ) - 
ethylenediim ine
- 193.5 -  194.5
.
195 [3]
5,5*-dim ethyl 164 164 [130]
j b ^ -d im e th o x y 164 161 [3]
1
j 3>3'-dimethoxy 162 161 [3]
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EXFERIMENTAL TECHNIQUES
(a) ANALYTICAL METHODS
Volumetric Estim ation of Cobalt
A back t i t r a t i o n  method using the disodium s a l t  o f  ethylenediam ine 
t e t r a a c e t ic  ac id  (E .D .T .A .), s im ila r  to  th a t  o f  H arris  and Sweet [ 1 3 6 ]  
was used.
Samples of the complex (0 .1  g .)  were weighed by d iffe re n c e  in to  wide­
necked co n ica l f la s k s  (250 m l.)^  To the s o lid ,  concen tra ted  n i t r i c  ac id  
(5 m l.) ,  concen tra ted  p e rc h lo ric  ac id  (5 m l.)  and co ncen tra ted  su lphuric  
ac id  (2 m l.)  were added. The m ixture was then  heated ju s t  to  dryness.
A fte r co o lin g , the c o b a lt su lphate  formed was d isso lv ed  and tra n s fe r re d  
to  la rg e r  co n ica l f la s k s  (1000ml.) w ith de ion ised  w ater (400 m l,) .  To the  
so lu tio n  a known volume of E.D.T.A. (0 .01  Molar) was added in  a two o r 
th re e fo ld  excess. The E.D.T.A. so lu tio n  was p rev io u sly  s tan d ard ised  
a g a in s t a s ine  su lphate so lu tio n  [ 137]» The r e s u l ta n t  so lu tio n  was th e n  
n e u tra lis e d  to  methyl red  using d i lu te  ammonium hydroxide and b o iled  fo r  
a few m inutes to  ensure q u a n tita tiv e  fo rm ation  of, .the c o b a lt  -  E.D.T.A. com­
p lex . A fte r  cooling  the so lu tio n  i t s  pH was ad justed  to  10 w ith  d i lu te  
ammonium hydroxide, and a few drops of Eriochrome Black T so lu tio n  added 
as in d ic a to r .  The excess o f E.D.T.A. was back t i t r a t e d  ag a in s t a s tan d ard  
zinc su lphate  so lu tio n  u n t i l  the colour change b lue to  red  occurred .
The c l a r i ty  of the  end-po in t in  the back t i t r a t i o n  was dependent on
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the  amount of ac id  rem aining a f te r  decomposition of the complex. During 
p re lim inary  determ inations the decomposition was taken ju s t  to  fumes of 
sulphur t r io x id e .  This so lu tio n  a f te r  n e u tr a l is a t io n  to  pH 10 and d ilu t io n  
w ith  w ater (50 m l.) gave in d is t in c t  en d -p o in ts ,. However, th e  same method 
app lied  to  s tandard  co b a lt so lu tio n s  om itting  the add ition  of acids gave 
c le a r  en d -p o in ts . Evaporating to  dryness samples of the complex to  which 
acids were added and d ilu t in g  w ith  a la rg e  q u an tity  of water g re a tly  reduced 
the io n ic  s tre n g th  of the so lu tio n  and e lim in ated  th i s  e f f e c t .
The method was found to  be r e l ia b le  to  w ith in  1$>* A ll determ inations 
were c a r r ie d  ou t in  t r i p l i c a t e ,  the mean value only i s  s ta te d  in  the
a n a ly s is  r e s u l t s  in  S ection  I I I ,  P a r ts  (a) and (b ).
A
In  a l l  th e  p rep a ra tio n s  performed under n itro g en  contam ination of 
the product by ta p -g rease  could le a d  to  low a n a ly tic a l  f ig u re s  fo r  cobalt#  
This was minimised by washing the product w ith organic so lv en ts  whenever 
p o s s ib le . However, complete removal was not always achieved. Grease 
would show up as a scum during the decom position s tag e .
A quick b u t le s s  accu ra te  p re lim in ary  determ ination  of co b a lt was 
o ccas io n a lly  performed g ra v im e tr ic a lly  as fo llo w s, A weighed sample of 
the complex (0,1 g .)  was c a re fu lly  ig n ite d  in  a i r ,  the tem perature no t
exceeding 900°C, A fte r coo ling  the b lack  resid u e  in  a d e s ic c a to r , i t  w a s
weighed as Co^O [1 6 (b ) , 138]. The method was accurate  to  w ith in
K - % *
V o lu m e t r i c
A combination of two methods was used [l39>
Samples of the complex (0 .1  g . ) were weighed quickly  in to  wide­
necked co n ic a l f la s k s  and decomposed in  the same manner as f o r  the  c o b a lt 
e s tim a tio n . Water (200 ml*) was added to  the s o lid  remaining a f t e r  de­
com position and sulphur dioxide bubbled through u n t i l  so lu tio n  was complete* 
Excess sulphur d ioxide was removed by b o ilin g , and the so lu tio n  ad ju sted  
to  pH 1 -  5 using  methyl re d . S u ff ic ie n t Rochelle s a l t  was added to  
p reven t p re c ip i ta t io n  of manganese hydroxide, to g e th e r  w ith a sp a tu la  
end of ascorb ic  ac id . A two or th re e fo ld  excess of standard  E.D.T.A* 
so lu tio n  Yras added and the Yfhole heated  to  70° “ 80°C. A fter coo ling , 
the  pH Yvras ad ju s ted  to  10 using d i lu te  ammonium hydroxide and a few drops 
o f Eriochrome Black T. solution added* The excess E.D.T.A. was back t i t r a t e d  
as in  the co b a lt e s tim atio n .
The resid u e  rem aining a f te r  decom position w ith concen tra ted  ac ids 
was n o t re a d ily  so lub le  in  w ater, bu t red u c tio n  w ith  sulphur dioxide 
affo rded  so lution* This procedure d id  nv>t a f f e c t  the accuracy of the 
method (see Table 3)* A ddition of ascorb ic  ac id  p reven ted  ox id a tio n  of 
the manganese to  the  d iox ide . B e tte r  end-po in ts were ob tained  using  the  
back t i t r a t i o n  method r a th e r  than the  d i r e c t  method*
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TABLE 3
S o lu tio n
a )  S tandard ised  KMnO^  
so lu tio n , reduced w ith 
sulphur d ioxide
( 2 ) S o lu tion  evaporated 
ito  dryness w ith  concentra­
te d  a c id s . Residue d is s o l­
ved in  water using sulphur 
!d io x id e .
Manganese p re sen t
(m g.)
1 7 .7 4
1 7 .7 4
Manganese found 
0
17.80 
17.81
1 7 .7 5  
1 7 .7 8  
1 7 .6 4
G-ravimetric E stim ation  of Iro n
Samples of the complex (0 .1  g . ) were ig n ite d  slowly in  a i r  to  d u ll  
red  h ea t. The pink product was weighed as [ l^ o ]*
M icro-analyses fo r  these  elem ents were c a r r ie d  out in  the M icro- 
a n a ly t ic a l  L ab o ra to ries  of the  Max Planck I n s t i tu t e ,  Mulheim, Germany by 
Dr. A lfred  B ernhardt,
(b) MOLAR CONDUCTANCE MEASUREMENTS
A ll measurements were c a rr ie d  out using a M ullard co n d u c tiv ity
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bridge type GM J+l^O/l. A ll determ inations but one were c a r r ie d  out in  
a i r  using a c e l l  w ith conventional d ip -in  e lec trodes*  In  the case of 
n i t ro s y l  b is (a ce ty la ce to n e )~ e th y len e d iim in e c o b a lt( l)  the measurement was 
performed under n itro g en  using  the apparatus shown in  Fig*7* A fter de­
term ining the r e s is ta n c e  of the so lven t a sample of the complex was weighed 
in to  the b lu n t end of a b a l l  and socket j o in t  C. In to  compartment A a
su ita b le  volume of so lven t was p laced  to  y ie ld  on mixing an approxim ately 
0.001 Molar so lu tio n . The apparatus was connected to  p o in t F on the main 
apparatus (see Section I I I ,  F ig .4 ) ,  evacuated, flu sh ed  se v e ra l tim es w ith  
n itro g en  and then f i l l e d  w ith  the gas to  atmospheric p re ssu re . With 
ta p  1 c losed  the  so lid  and so lven t were brought in to  co n tac t by tip p in g  
the apparatus from side to  s id e . A fter so lu tio n  was complete i t  was 
t ra n s fe r re d  to  compartment B v ia  tap  1, and th e  re s is ta n c e  reco rd ed . The 
apparatus was again evacuated and f i l l e d  w ith  a i r ,  the change in  re s is ta n c e  
o f the so lu tio n  was determ ined a t  time in te rv a ls#
A ll readings were taken a t 25°C in  a therm osta t using n itrobenzene 
(A.Rc rea g e n t, d r ie d  over calcium  c h lo rid e )  and dimethylformamide [121,122] 
as solvents#
(c) MOLECULAR WEIGHT DETERMINATIONS
Owing to  the in s o lu b i l i ty  of the complexes in  so lv en ts  possessing  
an app rec iab le  vapour p ressu re  an I s o p ie s t ic  method could  no t be used 
[141, 142].
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R a s tfs method [ 14-3* 144] gave spurious r e s u l t s ,  c r y s ta l l i s a t io n  
sooa occurred  even from 0.001 Molar so lu tio n s  on coolings
The Beckmann Cryoscopic method [145] had been used p rev io u sly  by 
o th e r workers w ith  some S c h i f f !s base complexes [146] and found ap p lica­
t io n  w ith  a few of the n i t ro s y ls  prepared (see Section  V, Table 5)* 
N itrobenzene (&0IU reag en t, d rie d  over calcium  c h lo rid e )  was used as the  
so lv en t,
(d) MAGNETIC SUSCEPTIBILITY MEASUREMENTS
Measurements were made on the complexes by the G-ouy method [147(a)]#  
The compounds were in  powder form and contained  in  perspex tu b es  using  
10 cms. len g th  samples.
The magnet was of a Humphreys-Sucksmith type capable of a f i e l d  
v a r ia t io n  up to  about 9000 G-auss. P i t te d  to  the  magnet was a c ry o s ta t  
tem perature o o n tro l u n it  [1 4 8 ], s im ila r  to  th a t  used by F ig g is  and 
Nyholm [149], y ie ld in g  a tem perature range 90° -  400°K* Weight changes 
vfere measured on a S tanton SM 12 balance.
D eterm inations were c a r r ie d  out in  an atmosphere o f n itro g en  a t  
th ree  d i f f e r e n t  f i e ld  s tre n g th s  between the  tem perature range 90° -  350°Ko 
The molar s u s o e p t ib i l i ty  ( ^ M) of the compound was c a lc u la te d  from the 
s im p lif ie d  form ula,
2xwxgxlxM
WxH2
w ss Weight change, in  and out of f i e ld ,  
g = A cce le ra tio n  due to grav ity*
1 st Specimen le n g th .
M as M olecular weight of compound.
W = Specimen w eight.
H = F ie ld  s tre n g th .
Owing to  the  weak paramagnetism of the compounds and the complex 
na tu re  of the  lig an d s th e i r  diamagnetism was determined experim entally  
where p o ss ib le  ra th e r  than from Pascal*s co n s tan ts  [150] (S ec tion  V (d ) ,
(e ) INFRA-BED ABSORPTION SPECTRA
The sp ec tra  7/ere recorded on a Grubb-Parsons double-beam g ra tin g  
in strum en t, type GS 2A* The compounds were mulled w ith  ’nujol* and 
examined between ro c k -s a l t  p la te s .
( f )  ULTRA-VIOLET AND VISIBLE SPECTRA
The abso rp tion  sp e c tra  7/ere recorded over the range 1,000 mp, -
Table 12).
The e f fe c tiv e  magnetic moment 7/as c a lc u la te d  from
S u s c e p tib i l i ty  of c e n tra l  m etal atom.
T = Temperature in  degrees ab so lu te .
270 mp using one cen tim etre  matched s i l i c a  c e l l s  on a Unicam SP 500 
spectrophotom eter. The samples were m aintained a t 25°C using a SP 570 
constan t tem perature housing, A ll so lu tio n s  were made up and kep t under 
n itro g en  using the apparatus sho?m in  F ig ,8. This was a ttach ed  to  p o in t F 
on the main apparatus (see Section  I I I ,  Fig* I f ) ,  The compound was weighed 
in to  the b lu n t end of a b a l l  and socket jo in t  A and the ap p ara tu s, minus 
the  c e l l  attachm ent, weighed, A su ita b le  volume of so lven t was p laced  
in to  f la s k  B and the apparatus evacuated, f lu sh ed  several tim es w ith  
n itro g e n , then  f i l l e d  w ith the gas and weighed again . The c e l l  attachm ent 
was jo in ed  a t  C and the e n t i r e  apparatus evacuated. Tap 1 was closed 
and the complex mixed w ith  the so lvent and then tra n s fe r re d  to  the c e ll*
The apparatus was then f i l l e d  w ith  n itro g en  by opening tap  1 and the  c e l l  
p lu s  co n ten ts  is o la te d  by c lo sin g  tap  2. The c e l l  was detached a t  C 
and p laced  in  the  c e l l  housing of the spectrophotom eter; both  c e l l  and 
housing were then covered w ith  a b lack  c lo th . The c e l l  compartment l i d
could not be used because of the p ro trud ing  stem and tap  a ttach ed  to  the
c e l l .  The so lu tio n  could be d ilu te d  as req u ired  by re a tta c h in g  the c e l l  
to  C, evacuating the apparatus and tip p in g  some of the so lu tio n  in to  f la s k  B, 
The c e l l  was then  detached and the rem aining apparatus cleaned ou t and
more so lv en t p laced  in to  f la s k  B and weighed as above. The so lven t and
so lu tio n  were then mixed under vacuum as were the s o lid  and so lv en t des­
c rib ed  p re v io u s ly , a f te r  re a tta c h in g  the c e l l  a t  C,
Figure 8
APPARATUS FOR SPECTROPHOTOMETRIC 
STUDIES UNDER NITROGEN
.Pump
/  Nitrogen 
inlet.
Compound
Spectrophotometric
cell
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P u r if ie d  dimethylformamide was used as the so lven t in  a l l  d e te r—
-4  -5m inations. S o lu tions of co n cen tra tio n s  10 to  10 Molar were used,
(g) THERMOCRAVIMETRIC ANALYSIS
The therm al decom position in  a i r  of a few of the compounds prepared  
was stud ied  using an automatic d i r e c t  reading ’S tan to n 1 therm obalance, 
model HD -  D. Weight lo s se s  over the tem perature range, room tem perature -  
650°C were recorded ,
(h) PURIFICATION OF REAGENTS 
Cobaltous ace ta te  te tra h y d ra te
Commercial cobaltous a c e ta te  was r e c ry s ta l l i s e d  from d i lu te  a c e tic  acid, 
then washed w ith  e th y l a lcoho l and d ried  in  a i r  a t 40° -  30°C,
Found Co 23.72, 23.71 C^HgO^Co, 4 ^ 0  re q u ire s  Co 23.68$
Dimethylformamide
A method s im ila r  to th a t  of Thomas and Rochow [122] was used, Di­
methylformamide (3 l i t r e s )  was d rie d  over barium oxide, then f i l t e r e d  and 
d i s t i l l e d  under reduced p re ssu re , using a n itro g en  ’b le e d 1. The middle 
f r a c t io n  ( b .p t ,  54°C? p ressu re  = 1 ,3  cms, Hg) was re ta in e d  ( l j  l i t r e s ) ,  
the f i r s t  and l a s t  f r a c t io n s  no t being used. The p u r if ie d  dimethylforma­
mide was s to re d  under n itro g e n  in  a f la s k  (2 l i t r e s ) ,  resem bling a la rg e  
wash b o t t l e .  Samples were drawn from the  f la s k  by applying n itro g en  
p ressu re  to  the i n l e t .  A fte r  ob ta in ing  the sample the n itro g en  flow
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was connected to  the o u t le t  and bubbled through the so lven t to  exclude 
a l l  a i r .  The f la s k  was then sealed  under n itro g e n .
Advantages of dimethylformamide as a so lven t
(1) I t  was not necessary  to  apply a vapour p ressu re  c o rre c tio n  f o r  
the so lven t during the p rep a ra tio n  of the n i t ro s y ls  ( b .p t .  150°C a t 7&0 mm,),
( 2) Both cobaltous a c e ta te  and the S c h if f ’s bases were very so lub le  
in  th is  so lv en t. This i s  the f i r s t  time dimethylformamide has found 
general a p p lic a tio n  on the compounds s tu d ied ,
(3 ) I t  would seem p o ssib le  from prelim inary  work th a t  some of the  
c o b a lt’-S c h if f f s base complexes could be r e c ry s ta l l i s e d  from th i s  so lven t 
under n itro g e n .
Chloroform
The chloroform  was shaken s ix  tim es w ith  h a lf  i t s  own volume of 
w ater, then d ried  over calcium  ch lo rid e  fo r  a t  l e a s t  24 hours. D is til la r -  
t io n  was performed in  a i r  a t  atm ospheric p re ssu re , and the  d i s t i l l a t e  
s to red  in  the dark (b .p t .  6l°C a t  7 6 0  mm,).
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THE QUANTITATIVE NITRIC OXIDE ABSORPTIONS BY COBALT COMPOUNDS
* S u b stitu en t
ii
Moles NO/gram atom 
co b a lt complexed
Method
See S ection  I I I  
( t )
(
Solvent 1
|
: U nsubstitu ted 1 .06; 1 .01; 1.01 (2) Chloroform
1 6 .6 , - d in i t r oj 9 1 .04 (1)
Dimethylformamd.de
j 5>5*“d in itro 1 .0 3 ; 1.01; 0.99 (1) ii
!
| 3 ,3 ’“*d in itro 1.02; 1.01 (1) «
■ 5 j5 !“dichloro
i
1 .00; 0.98 (1) ti
./
1 4 ,4*-d ieh io ro
I
0.96; 0.99 (1)
!
I A cety lacetone- 1*03; 0.97 (1) W ater/E thanol
I
j ethylenediim ine compd, I[;
)
j £“hydroxyacetophenone 1 .02 ; 0.99 (1)  ^ dimethylformamide
| ethylenediim ine compd. ii
| 5 95*-dim ethyl 1 .01; 1 .02 ; 0.99 (1)
i
1 11
j 5,5'~dim ethoxy 1.00 (1) | I!!
MOLECULAR WEIG-HTS OF SOME COBALT-SOHIFF* S BASE NITROSYLS
Compound
U n s u b s t i t u t e d
3 , 5 * - d i c h l o r o
| o - h y d r o x y a c e t o p h e n o n e -  j
! "  | 
j e t h y l e n e d i i m i n e  c o m p d ,|
|
3 , 3 ’ - d im e t h o x y  j
M o le c u la r  w e ig h t  
(m onom er v a l u e )
E x p e c te d
355*2
424.2
383.2
U 5 .3
F ou n d
(1) 420
(2) 380
(1) 340.6
(2) 361.3
(1) 338
(2) 307
S o l v e n t
N it r o b e n z e n e
N i t r o b e n z e n e
N i t r o b e n z e n e
D e p o s i t i o n  fr o m  n i t r o ­
b e n z e n e  o n  s t a n d i n g
TABLE 6
MOLAR CONDUCTANCES OF COBALT
Compound
U nsubstitu ted
6 ,6 * -d in itro
5 ,5 ’- d in i t ro
3 ,3 '~ d in i tro
3 ,5 , “^ich lo ro
4 ,4 !“d ich lo ro
A cety lacetone-
ethylenediim ine compd, 
£~Hydroxyacetophenone- 
ethylenediim ine compd,
5 .5 1-dim ethyl
5 . 5 1-d im e t h o x y  
3 , 3 1-d im e th o x y
-1  *2Molar Conductance mhos mol, cm.
N it r o b e n z e n e  
0,58
Inso lub le  
In so lu b le  
O .'O l
0*27*
0.04
0„02 
0.04 
2.06
Dim e th y I fo r m a m i de
8 .3 0 1
14.9  f  
22.66 t  
1 2 .9 5 1
s4.81  
24.3+lt 
4 .981
6 .s o t
7.0 f  
24.70T
* These de term inations were performed under n itro g e n .
•p.
A fter exposure to a i r ,
f  Continuous in c re a se  in  conductance a f te r  p re p a ra tio n  of so lu tio n ,
7  * 1
S pecific  re s is ta n c e  of n itrobenzene = 1 ,37  x 10 ohms cm, ,
c sun
S pecific  re s is ta n c e  of dimethylformamide = 5 ,5  x 10 ohms cm, ,
RESULTS AND DISCUSSION
(a) NITRIC OXIDE ABSORPTIONS: MOLECULAR WEIGHT AND CONDUCTANCE MEASUREMENTS
The r e s u l t s  in  Table 4 show th a t  v/ithout exception one molecule of 
n i t r i c  oxide rea c ted  w ith  one molecule of the c o b a lt-S c h if f f s base complex, 
in  the oompounds is o la te d  and inv estig a ted *
The Beckmann cryoscopic method fo r  m olecular w eight determ ina tions 
found a lim ited  use. I t  appears th a t  the compounds are  monomeric (see 
Table 5) although no g rea t s ig n if ic a n c e  can be a ttach ed  to  the a c tu a l  value 
obtained .
The r e s u l t s  in  Table 6 show the compounds to be non-conducting in  
n itrobenzene and dimethylformamide. The u su a l range of molar conductances 
fo r  d if f e re n t  e le c tro ly te s  in  these  so lven ts  a t  approxim ately 25°C and con­
c e n tra tio n s  of 0*001 Molar, a re  given in  Table 7*
TABLEJ^
'
E le c tro ly te  Type Molar Conductance Range, mhos,mol, cm,^
Nitrobenzene Dimethylf ormamide |
M+X~ 20 -  35 [151] 85 and below [ 153]
30 -  40  [152] 70 -  80 [154 ]
M2+ (x " )2 40 -  60 [151] 135 -  175 [ 154] 
140 -  170 [153]
M3* (X")3
!
oa. 85 [155] 200 -  250 [ 154] 
200 -  260 [ 153]
The measurements c a r r ie d  out using dimethylformamide in  a i r  showed a
steady in c rease  in  conductance up to  a maximum of approxim ately 
”*1 250 mhos.mol, cm. ( in d ic a te d  by arrows in  Table 6 ) . However, perform ing 
the measurement under n itro g en  (see acety lace tone-e thy lened iim ine  compound) 
elimin&ted th i s  e f f e c t .  Two p o ssib le  causes of th is  behaviour are ;
1 . A eria l o x ida tion  in  dimethylformamide g iv ing  a conducting species*
+
2. Absorption of w ater by the so lv en t and re a c tio n  of the NO 
group w ith  th is  w ater to  give a n i t ro  group, (see S ection  I I  (b ), p . 5®)*
NO* + H20 — NO "  + 2H+
This i s  s im ila r  to  the conversion,
Ni(0H)N0(0Me)2 — > NiN02(0Me)Me0H [156]
which occurs in  a lco h o l.
The re s u l ta n t  e f fe c t  of both p o s s ib i l i t i e s  could be : 
o r  NO-J
4- O  ----- -— >
NO
Co
N ivl
A s im ila r  re a c tio n  has been p o s tu la ted  fo r  the n itro p ru ss id e s  [16(d)] 
but the re a c tio n  in  general has not. been in v e s tig a te d .
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EBSULTS AND DISCUSSION
(b ) MAGNETIC SUSCEPTIBILITY MEASUREMENTS
The r e s u l ts  in  Tables 8, 9, and 10 show th a t  the room tem perature 
magnetic moments of the C o b a lt-S c h iff ' s base n i tro s y ls  l i e  in  the range
then the  c o b a lt would e f fe c t iv e ly  have an o x ida tion  s ta te  of +1 and diamag­
netism  would be expected fo r  sp in -p a ired  complexes# However, sm all moments 
of the above order can be accounted fo r  in  th ree  main ways*
This form of paramagnetism apparen tly  a r is e s  from p e r tu rb a tio n  of 
the  diam agnetic ground s ta te  of the m etal by the magnetic f i e ld ,  desoribed  
by 'mixing in ' w ith  the ground s ta te  a le v e l  posessing  a d i f f e r e n t  o r b i ta l  
c o n tr ib u tio n . I f  the two le v e ls  are separated  by an energy (hv) th a t  i s  
considerab ly  g re a te r  than kT then therm al popu la tion  between the two le v e ls  
does not occur and the s u s c e p t ib i l i ty  remains constan t as the  tem perature 
v a r ie s .  The equation
■j*1
0.9 ~ 0*6 B.M* I f  the  n i t r i c  oxide was coord inated  as NO to  the m etal,
Van Vleck
[157, 158, 147(b)]
co n s tan t
then reduces to the form
Thus, i f  the observed paramagnetism a r is e s  in  th is  way, a p lo t  of 
I_l ^  ag a in s t J T should be lin ea r*  Examples where TIP alone c o n tr ib u te s  
to  the moment are KMoO^  (^-°), 70 x 10 c .g .s .u .  and a number of c o b a l t ( l l l )  
amines (d j [159], 60 -  120 x 10 c .g .s .u *  TIP i s  u su a lly  compounded w ith  
the molar s u s c e p t ib i l i ty  of the m etal io n , and has been allowed fo r  in  the 
Langevin-Debye expression  fo r  the s u s c e p t ib i l i ty
Na i s  the TIP co n tr ib u tio n  to the s u s c e p t ib i l i ty  and i s  o fte n  q u ite  marked
—6
in  one unpaired e le c tro n  system ssimounting to  something l ik e  50 x 10 c.g*s*u* 
in  the molar s u s c e p t ib i l i ty  a t  room tem perature . For in s ta n c e , in  the 
cupric ion  TIP adds 60 x 10*"  ^ c .g ,s .u ,  to  the molar s u s c e p t ib i l i ty  of some 
1500 x 10 a t  room tem perature.
( 2) Incomplete p a ir in g  of e le c tro n  sp ins due to  some form o f i n t e r ­
ac tio n  between the m etal ions which would otherw ise have an in te g ra l  number 
of unpaired e le c tro n s . Datar and Datar [l6 0 ] suggested  th a t  the  sm all 
moments a sso c ia ted  w ith  TIP could a r is e  from th is  e f f e c t .  Nyholm [1 5 8 ],,  
however, p o in ts  out th a t  such paramagnetism would be tem perature dependent* 
(3) A th i r d  way of accounting fo r  such low moments was p o s tu la te d  by 
Nast [72] who assumed an eq u ilib riu m  between two forms of the  b i s ( a c e ty l -  
acetone ) c o b a l t ( i )  n i t r o s y l .  One form was considered  diam agnetic; the 
o th e r to  co n ta in  two unpaired e le c tro n s  w ith  the equ ilib rium  ly in g  w ell 
towards the  diam agnetic form. However, tem perature dependence of the
- 9 1 -
s u s c e p t ib i l i ty  would be expected and perhaps some v a r ia t io n  w ith  su b s ti­
tu e n ts , S u c h  an e f f e c t  was not observed fo r  the compounds s tu d ied  in  
th is  work.
F igures 9 an<l 10 show th a t  the l in e a r  re la tio n s h ip  between 
and y / r  holds tru e  fo r  th e  5,5* d in i t ro ,  d ic h lo ro , dim ethyl and 
dimethoxy s u b s titu te d  n i t ro s y l  d e r iv a tiv e s . Although the determ inations 
were c a rr ie d  out a t  th re e  f i e ld  s tre n g th s , f o r  s im p lic ity  only one se t of 
r e s u l ts  f o r  each compound i s  shown g ra p h ic a lly . The r e s u l t s  in  Tables 8 
and 9 show the s u s c e p t ib i l i ty  to  be e s s e n t ia l ly  constan t over the tempera­
tu re  range s tu d ied  and f i e ld  independent. From th e  r e s u l ts  in  Table 10 
and the graphs in  Figure 11, co b a lt sa len  n i t ro s y l  and the a ce ty la ce to n e -  
ethylenediim ine n i t ro s y l  owe th e i r  f r a c t io n a l  moments p r im ia r ily  to  TIP, 
but the e f f e c t  i s  not so obvious as w ith  the p rev iously  mentioned n itro sy ls*  
The s u s c e p t ib i l i t ie s  of bo th  compounds are somewhat tem perature dependent, 
although the dependence did no t become marked u n t i l  below l 60°K f o r  the 
cobalt sa len  n i t r o s y l .  I t  i s  suggested th a t  a very small amount of para­
magnetic im purity  may cause th e  change in  s u s c e p t ib i l i ty  w ith tem perature, 
the e f f e c t  becoming more n o ticeab le  a t  low tem peratu res. I t  was mentioned 
prev iously  th a t ,  in  g en era l, these n i t ro s y ls  were no t p a r t ic u la r ly  s ta b le  
on prolonged co n tac t w ith  so lv en ts , although i t  was p o ss ib le  to  r e c r y s ta l l i s e  
these two compounds, which y ie ld  s l ig h t ly  d iscordance magnetic r e s u l t s ,  to  
give a n a ly tic a lly  pure p roducts (S ection  I l l ( b ) ) *  Even though the
Figure  9.
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ace ty lace tone-e thy lened iim ine  n i t ro s y l  was r e c r y s ta l l i s e d  under n itro g en  
a tra c e  of param agnetic im purity  may have been formed, Cobalt sa len  
n i t ro s y l  was very d i f f i c u l t  to  pack and appeared to  be E l e c t r o s t a t i c 1.
The f i e ld  dependence of th i s  compound may a r is e  from packing d i f f i c u l t i e s  
ra th e r  than from any ferro -m agnetic  im purity . Too much s ig n if ic a n c e  
should no t be a ttach ed  to  s l ig h t  d ev ia tio n s  from l in e a r i ty  because la rg e  
e r ro rs  can occur in  the very sm all p u l ls  (0.00050 g s .)  being measured*
I t  i s  concluded th a t  the  c o b a lt-S c h if f1s base n i t r o s y ls  e s s e n t ia l ly  
con ta in  no unpaired e le c tro n s , being sp in -p a ire d  complexes of c o b a l t ( l )  (d ) 
w ith n i t r i c  oxide co -o rd in a ted  as NQ+ (See S ection  V I).
The manganese sa len  compound (jElg.12) possessed  a moment of about 
5 ,1  B,M. (Table l l )  a t  room tem perature and was f i e ld  independent. A 
Curie-W eiss re la tio n s h ip  was obeyed y ie ld in g  @ = 63°* Asmussen and
Soling [2 6] ob ta ined  a s im ila r  moment (5*29 B.M.) which f o r  a m anganese(ll) 
sp in -fre e  complex i s  somewhat low (sp in  only moment = 5*92 B.M0) . The 
decrease in  moment could a r is e  from an tife rrom agnetic  in te ra c t io n s  between 
neighbouring m olecules ren d erin g  the system m agnetica lly  u n d ilu te . S ig n i­
f ic an ce  can only  be a ttach ed  to  0  i f  confirm ation  of the an tife rrom agnetio  
n a tu re  o f the compound i s  c a r r ie d  out by measurements in  so lu tio n  or using 
the method of *isomorphous s u b s t i tu t io n 1 [ I4 7 (° ) ] s  u n fo rtu n a te ly  th ese  
measurements v/ere not c a r r ie d  ou t but b is (s a lic y la ld e h y d e )-e th y le n e d iim in e -  
z in c ( l l )  [33] i s  suggested as a d ilu e n t.  Using the  equation
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t
assuming the  low moment i s  due to antiferrom agnetism , a value of s
5*67 a t  room tem perature i s  ob tained .
The moment fo r  fe rro u s  sa len  (5.05 B.M.) agrees w ith  th a t  expected 
f o r  a sp in -fre e  fe rro u s  complex (4 .90 B.M.) (F ig .1 3 ). I t s  s l ig h t  f i e ld  
dependence could be due to  packing e rro rs  or to  a very small amount of 
ferrom agnetic im purity . The compound was sea led  under vacuum in  a sus­
c e p t ib i l i t y  tube, (see S ection  I l l ( a ) ,  p .4 ^ ) . Although B ailes  e t  al, [14]
v,.
obtained  a .s im ila r  moment they took no e lab o ra te  p recau tions to  exclude a ir*  
The e le c tro n ic  arrangements and probable h y b rid isa tio n s  f o r  the 
m anganese(il) and i ro n ( I I ) sa len  complexes are in d ic a te d  below
•«—«— Sf>2d   ----------
2+Mn sa len
■n 2+Fe sa len
$ —  ----- ~~SpD * >
Both complexes may be d escrib ed  as being of the 1 outer* o r b i ta l  type.
m m
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TABLE 8
on C obalt-S ch iff* s base N itro sy ls .
N itro  sy lb i s (5 -n i 
Temperature °K 298*5 291*5 267*5 236*5 200*5
X A x 10 105.9 121.7 112.5 105.7 104.1
(Hl )
e f f .  
x 10(
(B.M) 0.50 0 .54  0.49 0.45 O.41
109.9 116.3 103.0 106.4 107.9
0.45 0 .42
(h„ ) X a
z H (B.M.) 0.51 0.53 0.47
\ a  x  10 105.9 88.0 111.40 102.8 102.8
0.49 0 .44  0.41(H? ) 0.50 0.46
r
Diamagnetic c o rre c tio n  = 171*3 x 10 
Ni t ro  sy lb i s ( 5-c hioro s
l i t ( I )
111 31 I’gl’T T .T 'fe*
178.0 148.0 107.0 89
113.4 114.3 105.4  106.6
0.40 0.37 0.30 0,28
113.4 119.1 111*2 110*1
0*40 0*38 0*31 0,28
111.3 130*1 110,3 113*5
0.40 0.39 0.31 0*29
Temperature°K 297*5 267.5 236.0 204*0 168*5
( h ^  *  106
o .g .s .u ,
-e th y le n e d iim in e c o b a lt( I )
135.3 94*0
e f f .
127*5 127*5 127*5 127*3 127*5 172.7 127.7
B.M.) 0,55 0.52 0.49 0.46 0.43 0.37 0.31
(H,
x 10
^ ^ e f f  )
( k ^ x 10 
3
127.1 127.5 127.8 127.5 127.8 127.8 127.8
0.55 0.52 0.49 0,46 0.43 0 .37  0,31
128.6 128,1 128.3 128.3 128.3 128.3 128.3
0.56 0.53 0.49 0.46 0.43 0.37 0.31
*6Diamagnetic c o r re c tio n  = 128.6 x 10 o .g .s .u ,
^ i o 1^ 2 = 7#^ °  H = F ie ld  s tre n s th  
Los10H22 = 7#8451 
Logl 0H32 = 7* ^ 6 9
TABLE 9
Magnetic S u s c e p tib i l i ty  Measurements on C obalt~Schiff*s base Nitros.yls(ConteQ 
. s ( 5-me thy I s  a l i  cy l slflehy de ) -e  thy lene diim inec ob a l  t  ( I )
x 10
(•J?
e f f .
x 10
.6
( H ,^ A 
5 ^ e f f .
x 10 
(B.M.)
297*5 284.5 234 229 202.5 168 136.5 110.5 94.5
75.5 69.8 - 72.71 74.12 69*8 62.8 68.4 7 8 .4
0.43 0,49 - 0.37 0.35 0.31 0.26 0.25 0.24
71.1 71 .1 - 67 .6 67.6 71.12 65.9 71.1 62 .4
0.4L 0*39 - 0.35 0.33 0.31 0.27 0,25 0.22
71.0 76.4 76.38 - 76.38 68.3 71.10 65.6 69.4
0.41 0.41 0.38 - 0.35 0.30 0.28 0.24 0.23
-6Diamagnetic c o rre c tio n  = 170.5 x 10 c .g .s .u *  
T itro sy lb i s ( 5-m ethoxvsalicylaldehyde) -ethy lened iim inec ob a]
264.5 236.0 204.0 169.0 136.5
X 10“ 92.15 99.3 99.3 106.5 111.3 106.5
Temperature °K 298 
LA " '6
0.47
x A  x  106
( ^
^ ( B .  M.)
(h j :
0.46 0 .44  0.42 0.39 0.34
101.6 104.5 104.9 116.7 119.9 116.7
2 'n e f f , (B.M.) 0.49 0.47 0,45 0.44 0.40 0.36
(Hj,Xa
x 10 95.6 104.9 104.9 109.6 1 1 4 .3 . 118.7 
0,48 0.47 0.45 0,43 0.39 0.36
-6
106.0
104.1
0.30
119.9
0.32
123.7
0.33
Diamagnetic c o rre c tio n  = 147.1 x 10 c .g .s .u ,  
LogioHi2 = 7.9350 H =• F ie ld  s tre n g th
Log1 0 H2 “  7 ,8 4 5 1  
Ni t r 0 s v lb is ( 5-methoxys a lic :
Los10H3 51 7,6569
e ff .(C o ) = 0 .68 , 0.67 B.M. a t  294°K
-6
Diamagnetic c o rre c tio n  = 188,50 x 10 o .g .s .u .
-1 0 1 -
TABLE 10
Magnetic S u s c e p tib i l i ty  Measurements on C o b a lt-S c h iff1s base 
N itro s y lb is ( s a l i
Temperature °K 292.5 262.1 232.0 200.0 184.0 153.8 102.5 92.8 89.7 87.2
Ya  X 10 187.5 193.9 182.7 182.7 183.9 190.1 214.8 219.6 227.6 227.6
<Vneff (B.M.) 0.66 0.64 0.59 0 .54  0.52 0.49 0.42 0. 4a  0. 4a  0.34
x 106 205.1 217.5 202.7 202.7 210.1 205.1 229.9 237.3 240.0 247.2
^H2 |i (B.M.) 0.69 0.68 0.62 0.52 0.56 0.55 0 .44  0.42 0.42 0 .42611 0 g
v A X 10 228.2 246,9 239.4 224.5 249.1 242.2 254.4 265.7 269.4 280.6
^  He f f  (B.M.) 0.73 0.72 0.67 0.60 0.61 0.55 0.46 0.45 0 .44  0 .44
bDiamagnetic c o rre c tio n  = 170.8 x 10 c .g .s .u .
H = F ie ld  s tre n g thLOS10H12 = 7.8451
Log10H2 = 7.6569
l°Sio H32 = 7.4756
Ni t  r  o sylb i  s ( ac e ty la c  e to n e ) - t  
Temperature °K 349.0 323.0 3^0*5 296.5 265.5 235«5 200.0 168.5 132.5 99*5
g
y . x  10
o y *
205,2 186.7 189.1 198.9 201.5 208.9 224.4 256,9 300.1 366.4  
0.69 0.69 0.66 O.63 0,60 0.58 0.57 0 .54He f f .(B.M.) 0.76 0.70
Y j X  10 210.1 185.0 188.2 199.1 213.2 213.2 221. 0 2 5 7 . 0 2 9 9 . 236 6^ 2
(b.M.) 0.77 0.69 0.69 0.69 0.68 0 .64  0.60 0.58 0,57 0 .54
,  f a  X 106 212.5 179.4 197.8 198.1 219.8 207.7 224.6 258.8 294.6 364,6
(B.M.) 0.77 0.68 0.70 O.69 0.69 O.63 0.60 0.58 0.56 O.5 4e f f .
-6Diamagnetic c o rre c tio n  = 152,2 x 10 c-„g*s#J,
L o g io ^ 2 = 7.9350 H = F ie ld  s tre n g th
L°S10H2 = 7.8451
L oglO ^2 = 7.6569
•102'
TABLE 11
Temperature °K 297*0 266.0 236.0 204.5 169*0 136*5
V , x  106JCa
(h_)
x 10
2 '( i;e f f .
‘ 10'5 * e f f .
11,228 12,298 13,458 15,028 17,028 19,288
5.18 5.13 5.06 4 .98  4.82 4.60
11,038 12,408 13,398 14,878 17,348 18,998
5 .14  5.16 5.05 • 4.96 4.86 4 .57
10,678 12,268 13,718 15,028 17,278 19,168
5.06 5.10 5.11 4 .98  4.85 4 .59
-6Diamagnetic c o rre c tio n  » 175*1 x 10 c .g .s .u .
Temperature °K 
,6
(Hi
OdA. x 10
'e ff .
(H,2 ( i
A x 10
e f f *
X a x 10
^H3 ^ e f f .
298.0 266.0 236.0 206.0 169.0 136.0
9,942 10,977 12,357 14,577 16,607 20,617
4.89 4.86 4.85 4*92 4.76 4.78
10,607 11,786 13,227 15,297 18,147 22,297
5*05 5,03 5.02 5 .0 4 4.97 4.97
11,017 12,407 13,587 15,377 18,447 22,647
5.15 5.10 5*09 5.05 5.00 5*01
-6Diamagnetic co rre c tio n  = 166.9 x 10 c .g .s .u .
Lo^10^L = 7.6569 H = F i e l d  s t r e n g t h
L° g lO H2 = 7.3251
l ° S i o h 3 = 6.5950
-103-
TABLE 12
-6( i l l  values x 10 /grm .m ole.)
Compound
( n i t r o s y ls )
U nsubstitu ted
5>5 *-d in i t r o
5*5t“dich loro
3 ,3  *-dimethoxy
5 ,3 1-dimethoxy
5 ,3 ’-dim ethyl 
Ic e  iyl&oe tone ~
•ethylcmodiimine com pd. !
Compound
Manganese(11) s a! en
I ro n ( l l ) s a le n
Semi-emp&rical value 
using S c h if f ’s base
Summation using 
P a s c a l’s co n stan ts  [130]
170.8
171.3
128.6
188.30 191.3
191.5147.1
170.5
140*8152.2
175.1 [26] 
166.9
The semi-6mpArical values shown in  column two were used in  the 
c a lc u la tio n s  fo r  |iepp ( see S ection  IV (d ), p .78).
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RESULTS MD DISCUSSION
(c) INFRA-RED SPECTRA.
11though the sp ec tra  were u su a lly  recorded over the range 4000 
700 cma ^ only those reg io n s  con tain ing  ab so rp tio n s  p e r t in e n t to  the d is ­
cussion  are s ta te d  in  d e ta i l .
The ab so rp tio n  due to  the n i t r i c  oxide group was lo c a ted  by comparing 
the sp e c tra  of the n i t ro s y l  d e r iv a tiv e  and the corresponding p a ren t com­
pound, or the  S c h if f ’ s base where the p a ren t compound was n o t av a ila b le , 
as shown in  F igures 14, 13 and l 6 3 From Table 13 i t  i s  ev iden t th a t  the
n i t r i c  oxide s tre tc h in g  frequency v a r ie s  w ith  the p o s itio n  and na tu re  of the
-1
s u b s ti tu e n ts  in  the  benzene r in g s , the frequency changing from 16^6 cm. 
w ith  the  s tro n g ly  electron-w ithdraw ing n itro -g ro u p , to  1614 cm. ^ yri.th 
the e le c tro n -re p e ll in g  methyl group. I t  i s  reasonable to  conclude from 
the  magnetic da ta  ( th i s  S ection) and the  reg ion  of the in f r a - r e d  absorp- 
t io n s  th a t  the  n i t r i c  oxide i s  bonded e s s e n t ia l ly  as NO w ith  considerab le  
back bonding from the m etal (see Section  1 1 (b )) . Lov/ering of the  ch a ra c t­
e r i s t i c  n i t r i c  oxide s tre tc h in g  frequency i s  a t t r ib u te d  to  a decrease in  
the bond order of the group a r is in g  from back bonding from the m etal.
The amount o f  back bonding from the m etal in c re a se s  w ith the negative change 
b u i l t  uppn the  m etal by co o rd in a tio n .
Considering the s t r u c tu r a l  form ula below, the oxygen atoms cannot 
double bond w ith  the m etal because n e ith e r  the  co b a lt nor the oxygen atoms 
have o r b i ta l s  th a t  are empty or can re a d ily  be made so.
-105-
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INFRA-RED ABSORPTIONS ATTRIBUTED TO THE NITRIC OXIDE STRETCHING FREQUENCY
j • Sub s t i tu e n t Frequency
| 5 ,5 1-d ird .tr  o 1696
!
j 4 ,4 ’“d ic h lo ro 1686
3*3*“d in i tro 1667
f
| 6 ,6 * -d in itro 1663
;
| A eetylacetone d e r iv a tiv e
i
1660
| S j^ '-d ic h lo ro 1638
! 3>3l “dimethoxy 1635
f ■
j 5>5,-dimethoxy 1631
j U nsubstitu ted 1624
j o-hydroxyacetophenone
i d e r iv a tiv e 1618
| 5 , 5 1-dim ethyl 1614
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H ow ever t h e  n i t r o g e n  atom  ( —  HC s s s s  N) c a n  a c c e p t  an  e l e c t r o n
r x  |
p a i r  fr o m  th e  c o b a l t  a tom  i f  t h e  p r o c e s s , o c c u r s  t o  g i v e  an  em p ty  p o r b i t a l  
on  t h e  n i t r o g e n .  The r e v e r s e  p r o c e s s  c a n n o t  t a k e  p l a c e  b e c a u s e  H ie  c o b a l t  
d o e s  n o t  h a v e  o r b i t a l s  a v a i l a b l e  f o r  a c c e p t i n g  e l e c t r o n s .  The lo w e r  f r e ­
q u e n c y  o f  th e  n i t r i c  o x i d e  g ro u p  i n  t h e  £ - h y d r o x y a c e t o p h e n o n e - e t h y le n e d i im in e
compound (1618 cm, "**) compared w ith  the  ace ty lacetone-ethy lened iim ine
—1n itro s y l  (l660 cm, ) in d ic a te s  th a t  in  the o-hydroxyacetophenone d e r iv a tiv e  
the phenyl group i s  ac tin g  as an e le c tro n  source (+1) so th a t  the e le c tro n  
d en sity  around the  m etal i s  g re a te r . The s l ig h tly  h ig h er frequency 
(1624. cm, fo r  the u n su b stitu te d  compound i s  to  be expected because the 
+1 e f fe c t  of the  methyl group i s  absent although th a t  of the phenyl group 
rem ains,
'\T (NO) a c e t y l a c e t o n e - e t h y l e n e d i i m i n e  co m p ou n d ^ ''u  (NO) U n s u b s t i t u t e d  
co m p o u n c^ 'tf (NO) o - h y d r o x y a c e t o p h e n o n e - e t h y le n e d i im in e  com pound  
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  s t r e t c h i n g  f r e q u e n c y  o f  t h e
-1
n i t r i c  oxide group in  n itro sy ?u b is(a ce ty la ce to n e )co b a lt(l)  (1675 cm. ) [72] 
i s  h igher than th a t  in  n itro sy lb is (a c e ty Ia c e to n e )-e th y le n e d iim in e c o b a lt( l)  
(1660 cm, In  the form er compound the co b a lt atom i s  bonded to  fo u r
oxygen atoms, bu t in  the  l a t t e r  to two oxygen and two n itro g en  atoms, > As 
n itrogen  i s  le s s  e le c tro n e g a t iv e  than oxygen [ 87(b ) ] ,  i t  i s  probable th a t  
more charge w il l  be tra n s fe r re d  to the m etal in  th e  b is(ace ty lace to n je )— 
ethylenediim ine case . Thus more back bonding occurs, low ering the  n i t r i o  
oxide s tre tc h in g  frequency.
- l i e
S u b s titu e n t e f f e c ts  in  the  Benzene Rings
S u b stitu en ts  in  the 5*5* p o s itio n s
E le c tro n -a ttra c tin g  and e le c tro n -re p e ll in g  groups produce the charge 
d is t r ib u t io n s  (a) and (b) re sp e c tiv e ly  compared w ith  benzene [ 162] ,
X ac tin g  ( - l )  
5+>  66+
(a)
X a c tin g  (+ l)
u
The in d u c tiv e  e f f e c t  of Hie s u b s t i t ie n t  i s  tra n sm itted  m esom ericallyA
as shown. The sm aller charges reach  the meta p o s itio n s  in d u c tiv e ly  from 
the ad jacen t ortho  and para  p o s it io n s . A s u b s titu e n t th a t  a c ts  meso- 
m e triu a lly  g ives r is e  to  the same charge d isplacem ents as shown in  (a ) and
(b) bu t the e f fe c t  i s  more marked. Thus 5,5* s u b s titu e n ts  cause g re a te r  
e le c tro n  d en s ity  changes a t the  2 ,2 1 p o s itio n s  ad jacen t to th e  coo rd ina ted
0 atoms, than  a t the 1 ,1 ! p o s itio n s  ad jacen t to  the CH N groups, 
1
- I l l -
As a r e s u l t  the  oxygen atoms would be expected to  tran sm it the g re a te r  p a r t  
of the su b s titu e n t e f f e c ts  in d u c tiv e ly  to the m etal, and then to the n i t r i c  
oxide. The e lec tro n  d en s ity  on the oxygen atoms would be expected to  
decrease markedly along the  s e r ie s  Me, H, Cl, th i s  i s  borne out
by the in c rease  in  the freq u en cies  of the corresponding n i t ro s y l  d e riv a ­
t iv e s .  The n itro -g ro u p  w il l  give r is e  to  the charge d is t r ib u t io n  shown 
in  (a) because of the in d u c tiv e  e f fe c t  of the p o s it iv e ly  charged n itro g en
Thus the charge displacem ents w il l  be very marked w ith  the n i tro - s u b s t i tu e n ts
The d ich lo ro  su b s titu e n ts  can ac t m esom erically (+M) to  give the
as w ith the  n itro -g ro u p . Methoxy-groups, l ik e  ch lo rin e  s u b s ti tu e n ts ,  can 
e x e r t two e f f e c t s .  The in d u c tiv e  e f f e c t  ( -1 ) ,  as in  (a ) would be expected
atom
. . . .  and a lso  ac tin g  
m esom erically (~M)!
—1as shown by the high n i t r i c  oxide s tre tc h in g  frequency obtained  (1696 cm, ) .
charge displacem ents (b) which would lower the frequency, or in d u c tiv e ly  
(-1 )  y ie ld in g  (a) which would in c rease  the frequency. However, as u su a l 
the in d u c tiv e  e f fe c t  (a) predom inates ( c f .  p -chlorophenol i s  a s tro n g er 
ac id  than  phenol) [ 163] ,  thus in c rea s in g  the frequency although no t so much
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to  cause an in c rease  in  frequency,, and the mesomeric e f fe c t  as in  (b) 
should decrease the frequency. I t  i s  u su a lly  found th a t  the  mesomeric 
e f fe c t  predom inates i f  the CH^ O group i s  in  the para  p o s it io n  ( c f . a n is ic  
ac id  i s  a weaker ac id  than benzoic [ 164] )  and thus a decrease in  frequency 
would be expected. However, an in c rease  was ob tained , and i t  i s  suggested 
th a t  in  th is  s e r ie s  of compounds the  behaviour d ev ia tes  from th a t  g en era lly  
found in  s u b s ti tu te d  benzene compounds, the - I  e f f e c t  alone being im portant*
S u b stitu e n ts  in  the k .4 -1 p o s itio n s
S u b stitu en ts  in  the p o s itio n s  a c t as in  (c ) and (d ); and now
the g re a te r  e le c tro n  d en s ity  changes occur a t p o s itio n s  1, 1 ’ a ttach ed  to  
which are  the —  CH —— N groups; th ese  w il l  then c o n s ti tu te  the more 
im portant pathway fo r  the transm ission  of e le c tro n ic  e f f e c ts  to  the m etal 
and the n i t r i c  oxide.
s -f
X
X ac tin g  (-1 )  
(c)
X a c tin g  (-fl)
(a)
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In f a c t  the in d u c tiv e  e f fe c ts  ( - i )  may be tra n sm itte d  m esom erically a l l  the 
way to  the n i t r i c  oxide group, see diagram below.
The n i t r i c  oxide s tre tc h in g  frequency i s  h igher fo r  the 4,4* d ich lo ro
—1 —1
compound (l686 cm. ) than  fo r the 3,5* d ich lo ro  compound (1638 cm. )
because in  the l a t t e r  the e f fe c t  of the s u b s titu e n ts  i s  tra n sm itte d  meso­
m erica lly  ‘as f a r  as the  oxygen and then in d u c tiv e ly  to the m etal, bu t in  the 
4 ,4 ' d ich lo ro  compound a conjugated system o p era tes  through to  the n i t r io  
oxide. I t  i s  p e r t in e n t to  mention th a t  n i t ro  groups in  the 4 ,4 ! p o s it io n s  
would a c t through the — HC —  N groups in  a s im ila r  manner to  the 4,4*
i
d iohloro  s u b s ti tu e n ts ,  bu t th e i r  - I  e f f e c ts  would be g re a te r  and, in s te a d  
of a weak +M e f f e c t ,  they would have a strong -M e f f e c t .  Therefore 4,4* 
n i t ro  s u b s titu e n ts  should g rea tly , in c rease  the n i t r i c  oxide s tre tc h in g
- 1 1 4 -
frequency* I t  was fo r  th is  reason th a t  a ttem pts were made to  prepare the  
4,4*' d in i t ro  compound. E lec tro n  re le a se  from the  4,4* p o s itio n s  should 
not have such a marked e f f e c t  on the n i t r i c  oxide group as e le c tro n  a t t r a c ­
tio n  because the e f fe c t  would be tra n sm itte d  in d u c tiv e ly  from the n itro g en  
to  the c o b a lt, the m etal having no o r b i ta l s  th a t  can be made av a ilab le  
f or —  CH — N to  occur*
S u b stitu en ts  in  the 3,3* and 6.6* p o s itio n s
S u b stitu en ts  in  these  p o s itio n s , p a r t ic u la r ly  the  la rg e  methoxy and 
n i t ro  groups, may w ell be s te r i c a l ly  h indered  owing to  the prox im ity  o f  
groups a t the  1,1* and 2 ,2 1 positions*  I f  the su b s titu e n ts  are t?tfisted 
out of the  plane of the benzene r in g s  then th e i r  mesomeric e f f e c ts  w i l l  not 
fu n c tio n  f u l ly .  However, th e i r  in d u c tiv e  e f fe c ts  w il l  s t i l l  o p e ra te .
Thus the 3>3* and 6,6* su b s ti tu e n ts  in c reased  the n i t r i c  oxide s tre tc h in g  
frequency as expected, although the  6,6* d in i t ro  compound might have been 
expected to  y ie ld  a h igher frequency than 3,3* d in i t ro  owing to  con jugation  
through the —  CH s s s  N group. I f  the (+M) e f fe c t  of the methoxy 
su b s titu e n ts  i s  not op era tin g  in  the system e x is tin g  in  th e  compounds, 
perhaps due to  s te r ic  h indrance, then the - I  e f fe c t  of the group would 
y ie ld  th e  in c rease  in  frequency found experim entally*
Q u an tita tiv e  C o rre la tio n  of S u b stitu e n t E ffec ts
«sScaaesag*Kg3wc » .nu . * . i'.» i*a»*eo ■w.vT-attr-ii.'.i i"« ■ n’H.m ■■■■■ifrw i M'wiBgaeaiaiiiiiM hi im
With N itr ic  C-sd.de S tre tch in g  Frequencies:
Hammett [ 165( a ) ,166] found th a t  a given re a c tio n  s e rie s  invo lv ing  
meta and/or para s u b s ti tu te d  benzene d e r iv a tiv e s  could be rep resen ted  by 
an equation  of the form
log10k —  log10k° = e  ^
where k = a p roperty  such as the r a te  or d is s o c ia tio n  constan t of a given 
s u b s ti tu te d  benzene derivative#
k° ~ the same p roperty  fo r  the u n su b stitu ted  benzene d e riv a tiv e
Q = a re a c tio n  constan t and depends only on the reaction©
&  = log^Q ^ ~ where ki and k_^  are the io n is a t io n
0 0
co n stan ts  f o r  the s u b s ti tu te d  and u n su b s titu te d  benzoic ac id s . The value
of CT depends on whether the su b s titu e n t i s  meta or p ara  to  the p o in ts  in  
the arom atic system to  which i t s  e le c tro n ic  e f fe c ts  are being tra n sm itte d , 
and on whether i t  re le a se s  e lec tro n s  to ,  or withdraws them from, t h i s  point*  
E lec tro n  withdrawing s u b s ti tu e n ts  have p o s it iv e  co n s ta n ts ; e le c tro n  r e ­
lea s in g  ones have negative CT c o n s ta n ts . P lo t t in g  log-j^k -  lo g ^ k 0 or 
simply ag a in s t CT fo r  a re a c tio n  invo lv ing  a s e r ie s  of benzene de­
r iv a t iv e s  gave l in e a r  p lo ts .  The e f fe c t  of s u b s t i tu t io n  in  an arom atic
system on the in f r a - r e d  s tre tc h in g  frequency of a p a r t ic u la r  group has been
stu d ied  in  sev era l pu re ly  organic s e r ie s  [ 167, 168], In  p lace  of lo g ^ k
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or log^k*  -  log^Qk°,'\Tor o re , u s e d ,
w hereof = in f r a - re d  s tre tc h in g  frequency of a group in  the s u b s t i tu te d  com­
pound. V Q= " " " " of the same group in  the u n su b sti­
tu ted  compound.
Table 14 con ta in s the n i t r i c  oxide s tre tc h in g  freq u en c ies  and cr*
co n stan ts  [ 165(b)] fo r  the 4,4* and 5,5* d e r iv a tiv e s  s tud ied . Consider
f i r s t  the  5>5 ! su b s titu e n ts  which are  para  to  the oxygen atom and meta to
the — CH s: as N group. There i s  an approxim ately l in e a r  re la t io n s h ip  
t
between in f r a - r e d  frequency and 0* constan t (F igure 17, Symbol *• ) fo r  p ara  
d e r iv a tiv e s  as might be expected i f  the s u b s titu e n t e f fe c ts  were tra n sm itte d  
mainly through the oxygen atom to  the metal* A random d is t r ib u t io n  of 
p o in ts  (F igure 17, Symbol A )  was obtained  w ith  0 “ co n stan ts  fo r  meta sub­
s t i tu e n ts ,  i . e .  th e i r  e f f e c ts  are no t tra n s m it te d  through the — CH zssz N
II
group. The 5>5!-dimethoxy n i t ro s y l  i s  ex cep tio n a l, presumably because i t  
i s  ac ting  only as an electron-w ithdraw ing group as d iscussed  previously*
4,4* su b s titu e n ts  are meta to  oxygen and p ara  to the — CH —— N 
group. Then, i f  suoh su b s ti tu e n ts  ac t only through the oxygen atoms the  
corresponding n i t ro s y l  freq u en c ies  should l i e  on the l in e  ( fo r  5, 5 * sub­
s t i tu e n ts )  a t  p o s itio n s  ap p ro p ria te  to  the  <T co n stan ts  f o r  meta substituents?  
e .g .  fo r  4>4 *-d ic h lo ro  n i t r o s y l ,  ^ Ine^a = +0*373 expected V* = 1646 cm* \
The frequency of th is  n i t r o s y l  was found to  be much h igher (l686 cm. ^)*
Th^.s i t  appears th a t  4 ,4*-s u b s t i tu e n ts  ex e rt a marked e f fe c t  through the  
— CH sxs N group as w ell as through oxygen.
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S u b stitu e n ts  in  the 3 ,3 ' and 6, 6 * p o s itio n s  were not considered  
because these are ortho to  the groups a t 2,2* and 1,1* and the Hammett 
r e la t io n  no longer a p p lie s .
I t  has been assumed th a t  the ad jacen t groups a t  1, 1 * and 2,2* do no t 
in te r a c t  w ith each o th e r and the C f co n s tan ts  derived  from the io n is a t io n  
co n stan ts  of benzoic ac ids are applicable® The l in e a r  p lo t  apparen tly  
v in d ic a te s  th e i r  use, bu t i t  i s  emphasised th a t  th e i r  a p p lic a tio n  i s  
approxim ate•
Hammett S u b stitu e n t Constants
S u b s titu e n t m or £  
; w . r . t .  2, 2 *-oxygen
CT
S u b stitu e n t m or
w . r . t .  1,1'-CH=N 
1
i c r!!
i
"\fom.
NO s tre tc h in g  
freq u en c ies
5, 5 * p -n itro +1.27 5 ,5 ' m -nitro
I
t+0.710
i
1696
5, 5 * p -ch lo ro +0.227 5,5* m-chloro j+0.373 1638
4, 4 * m-chloro +0.373 4,4* p-ch lo ro
1
1+0.227 1686
5 , 5 * p-dimethoxy - 0.268 5,5* m-dimethoxy i+0.115i 1635
U nsubstitu ted 0 U nsubstitu ted
i
i 0
I 1624
5,5* p-dim ethyl
i
-0 .170 5,5* m-dimethyl |- 0.069
!
1614.
In te rm o lecu lar in te ra c t io n s  between the s u b s titu e n ts  of one molecule 
and the n i t r i c  oxide group of a neighbouring molecule could  cause i n f r a ­
red  frequency s h i f t s ,  i . e .
-118-
O Co
Repulsion between the e le c tro n s  on the oxygen atom of the  n i t r i c  
oxide group and the negative  end of the d ipo le  a sso c ia ted  w ith the n i t ro  
group would tend to d isp lace  e le c tro n s  tov/ards the  n itro g en  atom as shown* 
This would oppose back bonding from the m etal and in c rea se  the  n i t r i c  
oxide bond order and s tre tc h in g  frequency compared w ith  th a t  in  the un­
su b s ti tu te d  compound. An e le c tro n -re p e ll in g  group (+ l)  would tend tc  
have the rev erse  e f f e c t .
However, the observed s h i f t s  were considerab ly  la rg e r  than those 
commonly a r is in g  from in te rm o lecu la r e f f e c ts  [ 169] .  D is u b s titu tio n
in d ic a te s  th a t  th e  s u b s ti tu e n t e f fe c ts  are approxim ately a d d itiv e , i . e .
■the 3 , 3 *, 5,5* te t r a n i t r o - s u b s t i tu te d  n i t ro s y l  has a n i t r i c  oxide s tre tc h in g
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frequency of 1724 cm, ^ [1 7 0 ], This would not be expected i f  the  frequency 
changes re s u l te d  from in te rm o lecu la r in te ra c t io n .  The c o r re la t io n  between 
n i t r i c  oxide s tre tc h in g  freq u en c ies  and Hammett1s s u b s titu e n t co n s ta n ts  
shows the e f f e c ts  to be in tram o lecu la r.
The spectrum of b is(sa licy la ld eh y d e )-e th y len ed iim in em an g an ese(ll)  
i s  rep o rted  in  d e ta i l  (see Table 17) fo r  the  f i r s t  tim e. Owing to  the 
s im ila r i ty  between the sp e c tra  of manganese sa len  and co b a lt sa len , absorp­
t io n  assignm ents were taken as fo r  the  c o b a lt compound [2 2 ] , Although a 
d e f in ite  n i t ro s y l  d e riv a tiv e  was not ob ta ined , p re lim inary  s tu d ie s  on the
compounds r e s u l t in g  from re a c tio n  of the manganese complex and n i t r i c
-1oxide showed a strong a b so rp tio n  around 1623 cm, , p o ss ib ly  due to  the 
n i t ro s y l  group.
Table 17 a lso  co n ta in s  th e  d e ta i le d  in f r a - r e d  spectrum of the  
i r o n ( l l ) - S c h i f f 1s base complex, again  fo r  the  f i r s t  tim e. Comparison of 
the sp e c tra  of the n i t r o s y l  d e riv a tiv e  ob ta ined  from the  re a c tio n  in  SOfo
ethano l (see S ection  I l l ( b ) ,  p . 65) and th a t  of the p aren t compound showed
-1  . +a strong  absorp tion  a t 1712 cm. c h a ra c te r is t ic  of NO co o rd in a tio n .
Presence of w ater in  b is (s a lio y la ld e h y d e )-e th y le n e d iim in e o o b a lt( l l)
-1L a ttic e  and coo rd inated  w ater both  absorb a t  3550 -  3200 cm. 
(antisym m etric and symmetric 0 — H s tre tc h in g  modes) [171] and a t
-121-
1630 -  1600 cm. ^ (H -  0 -  H) bending mode. C o-ordinated w ater, however,
—1 —1also  absorbs around 793 om. in  (l\Ti  (g ly c in e )^ ) . 2H^0 and a t  875 cm.
in  CuSOi^H^O due to wagging, tw is tin g  and rocking modes th a t  are a c tiv a te d
by co -o rd in a tio n  to  the m eta l.
B is(3 -m eth o x y sa licy la ld eh y d e)-e th y len ed iim in eco b a lt(ll)  i s  known to
form a hydrate (see  Section I I I ,  ( a ) ) .  As F igure 18 shows, the  c h a ra c te r -
-1  .  -1i s t i c  w ater ab so rp tio n s  are observed a t  3550 -  3170 cm. and a t 1650 cm. , 
These disappear on strong hea ting  under vacuum. Thus w ater can be d e tec ted  
from the in f r a - r e d  spectrum of th i s  type of compound. However, b i s ( s a l i c y l -  
a ld eh y d e )-e th y len ed iim in eco b a lt( il)  d id  not e x h ib it the c h a ra c te r is t ic  
ab so rp tio n s  of w ate r. A sample o f  the heated  complex vias b o ile d  w ith  : 
w ater fo r  two hours under n itro g e n  so as to a s s i s t  p o ss ib le  hydrate  forma­
t io n , then  heated in  vacuum according to  D iehl [19]* The spectrum of th e  
product s t i l l  did n o t in d ic a te  the presence o f w ater. Ueno and M arte ll 
[22] do no t mention abso rp tion  due to w ater in  th e i r  spectrum of c o b a lt 
sa len . The co b a lt analyses of the  c a re fu l ly  d ried  p a ren t compound (see 
S ection  I I I  (a ) ,  p«3$0 agreed w ith  those of B ailes  and Calvin [2 ] ,  who d id  
not mention the presence of w ater in  the complex, A b rid g in g  w ater mole­
cu le , i f  p re se n t, would presumably possess a te t ra h e d ra l  co n fig u ra tio n , and 
as a l l  re c e n t s t r u c tu r a l  work w ith m etal complexes of b is ( s a lic y la ld e h y d e )-  
ethy lened iim ine and s im ila r  lig an d s  shows the arrangement to  be p lan ar 
about the m etal, the  p lan a r p o rtio n s  would ’c la s h 1 as vrell as being
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in o lin e d  to  one another (see diagram below,} I f  the oxygenated compound 
was b in u c le a r , as s ta te d  by Diehl [1 9 ], then the oxygen molecule would 
have to l in k  p o in ts  A and B, Such an arrangement would prove d i f f i c u l t  
fo r  a ’p e ro x id e1 group [ 172] ,
H. H
0
A lte rn a tiv e ly , i f  the  oxygen molecule lin k ed  p o in t B w ith  a corresponding 
p o in t B! on another molecule, then , although the  b ridg ing  oxygen T/ould be 
s a t i s f i e d ,  the p o s s ib i l i ty  of the  p lan a r r in g s  c lash in g  i s  s t i l l  p re se n t, 
D iehl [3] considered  th a t  the  3CH^0 su b s ti tu te d  compound absorbed 
w ater during oxygenation in  a damp atmosphere, although the presence o f 
w ater was not necessary  fo r  oxygenation. This was confirm ed by exposing 
an oxygenated sample of the complex to  damp a i r .  Bands a t  3550 -  3170 
and 1650 cm, 1 reappeared .
F igure  1&
L .
2 -5 3 0 3*5 5 6 7 P
B isC 3 C H * 0 -  SA L IC Y L A L D E H Y D E )- ETHYLENEDIIM INE COBALT CID
(H Y D R A T E D )
3 02 5 3 5
B isC 3C H 30  -  S A L IC Y L A L D E H Y D E )-E T H Y L E N E D IIM IN E  COBALT (II )  
(AFTER A C T IV A T IO N -A N H Y D R O U S )
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TABLE 15
INFRA-RED ABSORPTIONS OF COBALT COMPOUNDS STUDIED
Compound Frequencies cm -1•
<1
11
U nsubstitu ted  n i t ro s y l 1624* vs. 1398m. 1 3 8 2 w* (s | )  . 1531m. i
U nsubstitu ted  p a ren t compound I6l6m. 1597m. (sh) 1538m.
1
1
i
U nsubstitu ted  S c h if f ’s base 1631m. I6l0m. 1577s. 1495m.
1
3 ,3 f-dimethoxy n i t r o s y l l 662w.(s&) l635Svs . 1604m, 1537w.
1
-
3,3 '-d im ethoxy p aren t 
compound l 634vw. 1605m, 1536w.
3,3*-dimethoxy S c h if f ’s base 1634m. 1 5 8 0 w ,
3,3*-dimethoxy, hydrated 
p aren t compound 1630m. 1624m. 1597m. 1540w.
3350 -  3170 (Broad band)
5,5*-dimethoxy n i t r o s y l 1642 (sit) l631vs. * 1538m.
5* 5 1 -dimethoxy p a ren t compound 1397m. 1534m.
5>5*-dimethoxy S c h if f ’ s base l643w. I6l3w. 1592m. 1497s.
6 ,6 t- d in i t r o  n i t r o s y l 1663 Sm. 1638s . 1620m. 1602m. 1515s.
6 ,6 1-d in i t r o  S c h if f ’ s base 1628s. 1578m. 1522s.
5 ,5 ‘-d in i t r o  n i t r o s y l l 696?<m. 1629m. 1597m. 1550m.
5 , 5 ’- d in i t r o  paren t compound l638w. 1603m. 1550m.
5,5*- d in i t r o  S c h if f fs base 1642s. 1610s . 163 3 s .
3 ,3 '- d in i t r o  n i t r o s y l 1 6 6 7 S s 1637s. 1595m. 1538m. 1504m.
3,3*- d in i t r o  p a ren t compound I6l8m. 1605m. 1543m. 1506m,
3,3*“d in itro  S c h if f ’s base 1633s. I6l6m, 1531s. 1511(81$
^Peak a t t r ib u te d  to the n i t r i c  oxide s tre tc h in g  frequency,
TABLE 1 6
INFRA-RED ABSORPTIONS OF COBALT COMPOUNDS STUDIED ( C o n t d . )
Compound Frequencies -1cm. f
5>5 l-,d ich lo ro  n i tro s y l 1638s s# 1622s . 1525m.
5, 5 r-,d ich lo ro  p aren t compound 1602m, 1516m. J;
5 ,5 !p*dichloro S ch iff* s  base 1635m. 15kkm,
.
i f ^ - d i c h lo r o  n i t ro s y l 1686*3 • 1639(sh) 1618m. 1590m, 1517m,
A ,41-d ich lo ro  S c h if f !s base 1626m. 1597w. 1510m, 1515w. , 
(s'fc)
B is (a c e ty la c e to n e )-  
ethy lened iim ine n i t ro s y l l 66o*vs. 1586m. 1575m. 1509m.
[
1
1
Bi s (ao e ty la ce to  n e )-e th y le n e -  
diim ine S ch iff* s  base 1618s. 1586m, 1516m.
Bi s (£-hydroxyacetophenone) -  
e thy lenediim ine n i t ro s y l l 6l 8* s. 1599s. 1581s. 1528m.
P aren t compound of above 1600S. 1565s. 1515m.
S c h if f !s base 1610s. 1570m. 1503m. (stj
5 , 5 *-dim ethyl n i t r o s y l 1614*3. 1530m.
5, 5 *-dim ethyl p a ren t compound 1633m. 1600m. 1506m.
5,5*-dim ethyl S ch iff* s  base
t i i t i b h  m niiin 1 will \irm  , ■ i m h t iw u h ,  r ' H i i  ■ ■ i.i I i im '-nmm
1619m. 1595m. 1528m.
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TABLE 17
IKERA-RED ABSORPTIONS Off MANG-ANESE AND IRON COMPOUNDS STUDIED
Compound Frequencies cm. 1
B is( sa licy la ld eh y d e ) - 1642m. 1618m. 1595w. 15S0m. 1531m.
ethylenediiminemangane se ( IX) 1511w.(sh) 1342m, 1277m. 1235w. 118lm,
1140s. 1120m. 1088w. 1045w. 1025w.
930yu 970w» 943m. 900-885(broad hand)
857m. 848w.
B is (sa lic y la ld eh y d e ) - 1712*3.
s
l642w. ( sh) 1626J®, l600m. 1536m.
ethy lened iim ineiron( I I )  j
n i t ro s y l  d e r iv a tiv e .
B is( sa licy la ld eh y d e ) - 1629m. 1600s. 1548m. 1531m.
e th y le n e d iim in e iro n (ll) 1348m. 1340w. 1330w. 1323w. 1285m.
1242w. 1192m. 1145m. 1127m. 1092w.
1053m. 103Ow, 980w. 971w. 952m.
943w.(sh) 907m. 891w.(sh) 86lm. 850m,
787w, 762m. (sl^ 752s. 743w. 735s.
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BESULTS AND DISCUSSION
(d) ULTRA-VIOLET AND VISIBLE SFECTKA
Gray e t  a l  [173] have ap p lied  a general m olecular o r b i ta l  approach 
to  compounds con ta in ing  one p a r t ic u la r ly  strong  m etal — NO o r m etal — CO 
bond and derived  a m olecular o r b i t a l  energy le v e l  scheme re s u lt in g  from co­
o rd in a tio n  of 5 o r 6  lig an d s . The treatm ent i s  app licab le  to  o c tah ed ra l 
and e f fe c t iv e ly  te tra g o n a l pyram idal complexes. By means of th i s  mole­
cu la r  o r b i ta l  scheme the au thors explained the sp ec tr*  of FeCNOXSg^CCH^),^ 
below 3 0 ,0 0 0  cm* \  The compound was considered  a s  con ta in ing  F e ( l )  and
+  h r  2  1NO w ith a m etal ground s ta te  [nd ,nd  ]T"nd ] [nd 2 2] o r in  th e i ru o u x z > y ZJ l x  - y
b hr 2 h 1n o ta tio n  [Ctt ] Lh^] [h|CT ] • The th re e  bands observed were assigned  to  
the t r a n s i t io n s
b]Lcr -■fciMi jy e ss7T
CM
& e 5£ir
mmitm i »^i e Sfi7T
in  order of in c reas in g  energy, where 6  v  i s  the  antibonding o r b i ta l  
a r is in g  from the  n<3-xz^^y2 m etal o r b i ta l s  and the  antibonding o r b i ta l s  of 
the n i t r i c  oxide. A ll th e  above t r a n s i t io n s  are from o r b i ta ls  mainly
Hlo ca ted  on the m etal to  ^  7r 9 which i s  e s s e n t ia l ly  lo c a lis e d  on the  NO, i . e .  
they are charge t r a n s f e r  t r a n s i t io n s .
The in ten se  6£ ir -fc-Sw*35 t r a n s i t io n  (€-*-5 -  6,000) has been observed
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in  o th e r n i t r i c  oxide complexes, such as [ Fe(H20 ) ^ N 0 ] [174] a t  310*5 nip. 
and p a r t ic u la r ly  Co(N0)[S2CN(CH^)2] 9 [t75] a t  320 mp. The th ree  n i t ro s y ls  
s tud ied  in  th i s  work a l l  possess in ten se  abso rp tions in  th e  reg ion  320 -  
330 mp (€ = 8,000 -  10,000) which p o ssib ly  correspond to  th e 0  tt *—^  Q 'fr  
tra n s itio n ,, For example, F igu res 20 and 21 show th a t  co b a lt sa len  
n i t ro s y l  and the 5 1-dim ethyl n i t ro s y l  absorb near 400 mp ( € =  6,000) and 
320 mp (€ = 8,000 -  10,000) whereas n i t ro s y l  b is (a c e ty la c e to n e )-e th y le n e -  
d iim in e c o b a it( l) ,  F igure 19 (which has no phenyl groups) absorbs only a t 
330 mp (C = 10 ,900). Thus the 400 mp ab so rp tio n  seems to  a r is e  from the 
phenyl groups [ 176] .  This i s  p a r t ly  v e r i f ie d  by the 5,5* dim ethyl s u b s t i­
tu ted  p aren t compound which also  absorbs a t 410 mp as does th e  n i t r o s y l .
The acety lacetone n i t ro s y l  shows some complex ab so rp tio n  in  the 
400 -  600 mp reg ion  which i s  p a r t ly  obscured by the phenyl ab so rp tio n s in  
the arom atic compounds. F u rther work i s  necessary before these ab so rp tio n s  
can be assigned . However, Gray p re d ic ted  and observed a band around 
970 mp f o r  n i t ro s y l  b is (d im e th y ld ith io ca rb am a to )iro n (l)  a r is in g  from the 
!d -  d 1 t r a n s i t io n  b^ b^. Such a band would no t be expected fo r
g
C o(l) (d ) sp in  p a ire d  complexes because both le v e ls  would be f i l l e d .  As 
expected even in  concen tra ted  (5 x 10 ^  Molar) so lu tio n s  no absorp tions 
were observed in  the 1,000 -  900 mp region*
P relim inary  q u a li ta t iv e  s tu d ie s  on the  bis(o-hydroxyacetophenone) and 
b is (5 -n ie th o x y sa licy la ld eh y d e)-e th y len ed iim in eco b a lt(l)  n i t ro s y ls  shewed 
th a t  these compounds a lso  absorb s tro n g ly  in  the regions 400 mp and 320 -  
330 mp.
Figu r e  19
b i s ^ c e t y l a c e t o n e )-e t h y l e n e d i i m i n e  
COBALT(l )  NITROSYL "
160
120
IOO *-
°  uo O
80
60
4 0
2 0
►O 7 0 0
W avelength
5 0 09 0 0 3 0 0  2504 0 0OOO
180
F ig u re  2 0  
bis^ alicylaldehyde)-eth ylenediim in e  
C0BALT(I) NITROSYL
160
140
120
IOO
80
60
4 0
2 0
8 0 0  7 0 0  6 0 0  5 0 0
W avelength ( \ )  mJ 1
300  2504 0 09 0 0IOOO
180
160
140
120
IOO
80
6 0
4 0
20
fc—
IOOO
Figure  21
b is  ( 5 c h 3- sa l ic y  l a l d e h y d e )-e t h y l e n e d i  im ine
COBALT (I) NITROSYL AND PARENT COMP-
•  NITROSYL 
O PARENT COMPOUND
u
3 0 0  2509 0 0 4 0 08 0 0  7 0 0  6 0 0  5 0 0
w avelength  (A) mju.
TABLE 1 8
ULTRAVIOLET AJOIZESIBLE DATA FOR SOME OF THE COBALT COMPLEXES
flltros.yl~b1s ( acety lac  e t  o n e ) -e thy lened iim in eco b a lt ( I ) s-
■if.. jt/jj*. . . ■ e-t-i a. mi i tti i, reaeacg»...i. . i.fif~ira.-i *--frr itw.Lj .u6
-5C oncentration 5.45 x 10 
Wavelength mji
Molar
1000
950
900
890
800
750
700
650
600
575
550
525
300
4-75
450
410
425
Molar e x tin c tio n  
c o e f f ic ie n t  (£)
0
0
0
0
0
0
55.04
183.5
367.0 
458*6
458.6
513.9
568.9
587.0
603.4
532.1 
550.0
Wavelength mp,
1 i;ros i s i  s
410
400
390
375
360
350
340
335
330
325
315
310
300
290
280
275
270
-e th y le n ed iim in eo o b a lt( l)
Molar e x tin c tio n  
c o e f f ic ie n t  (€)
C oncentration  9.17 x 10 Molar
1000 0
950 0
900 0
850 0
800 21,82
750 43*64
725 87.28
700 196.3
675 250.9
650 397.2
625 414.6
600 589.1
550 774,7
500 e .1 ,025
475 1,342
450
440
430
420
410
400
390
380
370
360
350
340
330
320
310
300
290
280
752.3 
1,247 
1,963 
3,707 
5,578 
6,606 
7,523 
8,110 
8,221  
8,110
7.670 
7,375 
7,193
7.670 
10,390 
12,930 
13,600
1,996
2,374
3,458
4,691
5,869
6,383
6,501
6,273
6,240
6,579
7.288
8,401
9,982
10,901 
11,130 
11,560 
13,750 
20,180
180
160
140
120
IOO
80
6 0
4 0
20
fc—
IOOO
Figure 21
b i s ( 5 c h 3- s a l i c y l a l d e h y d e )-e t h y l e n e d iim in e
COBALT (I) NITROSYL AND PARENT COMP2
•  NITROSYL 
O PARENT COMPOUND
u
30 0  25090 0 4 0 08 0 0  7 0 0  6 0 0  x 5 0 0
w avelength  (A) mju.
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RESULTS AND DISCUSSION
(e) THERMOGRAVIMETRIC ANALYSIS
N itro sy rb is (sa lic y la ld e h y d e )-e th y le n e d iim in e c o b a lt( l)
From Figure 22 i t  i s  apparent th a t  a weight lo ss  of 9 -  10$ occurred 
in  the  reg ion  210° -  300°C. A fter th i s  i n i t i a l  lo ss  in  weight an i n t e r ­
m ediate II* was formed which decomposed a t 330° -  340°C to  th e  m etal oxide* 
Loss of th e  n i t r i c  oxide molecule corresponds to  a weight lo ss  of 8 .5  
which i s  somewhat lower than th a t  found. However, F igure 23 shows th a t  
co b a lt sa le n  i t s e l f  s t a r t s  decomposing a t  250°C. Thus two re a c tio n s  are  
o ccu rrin g  co n cu rren tly j lo ss  of n i t r i c  oxide and ligand  decom position.
The decom position was stopped a f t e r  the  i n i t i a l  weight lo ss  (F ig . 22, 
graph 2) and the in f ra - re d  spectrum of the product compared w ith  th a t  of 
co b a lt sa le n  oxygenated^cobalt sa len  and the o r ig in a l  n i t r o s y l ,  As ex­
pected  the  peak a t t r ib u te d  to  th e  n i t r i c  oxide s tre tc h in g  frequency was
ab sen t. C onsiderable changes had a lso  occurred in  the  reg ion  below
-1  r '1300 cm, and the peaks were not w ell d e fined . This suggested th a t  some
a d d itio n a l decom position had taken p lace . The n i t r i c  oxide could no t be 
removed w ithout th is  a d d itio n a l decom position even in  a vacuum a t  an e le ­
vated  tem peratu re . Thus the re a c tio n  w ith  n i t r i c  oxide i s  not r e v e rs ib le .  
The S c h i f f 1s base (sa len )  was s ta b i l i s e d  by co -o rd in a tio n  to  co b a lt 
s in ce  th i s  in c reased  th e  tem perature a t  which decom position commenced from 
130° to  250°C, Oxygenated co b a lt sa le n  (F igure 24) began to  lo se  oxygen
-135-
above 80°C and s ta r te d  to  decompose a t  about 200°C compared w ith  250°C
io n
fo r  the unoxygenated compound* OxygenataA causes expansion o f the c ry s ta lA
l a t t i c e  ( c f © in c rease  in  bQ d ire c t io n , S ection  I  (a) p. 9 )« Presumably 
the  removal of oxygen leaves a tem porarily  more open framework which i s  more 
su sc e p tib le  to  therm al decom position.
Presence or absence of w ater in  co b a lt sa len
The sample s tu d ied  therm ograv im etriea lly  was prepared by Diehl*s
method [19] and vacuum d ried  a t  120°C* Prom Figure 23 th e re  was i n i t i a l l y
©a s l ig h t  in c rease  in  weight due to  buoyancy e f f e c ts .  Then between 45 and 
85°C a decrease in  weight occurred, which, s ince  the s o lid  had a lread y  been 
d rie d  a t  120°C in  vacuo, was probably due to  the  lo ss  of a sm all amount of 
oxygen absorbed between weighing and h ea tin g  the sample. This was v e r i f ie d  
by reco rd in g  the sample weight in c rease  on stand ing  in  a i r  and rep ea tin g  
s e v e ra l tim es the  oxygenation/deoxygenation procedure. The reg io n  BB* in  
Figure 23 re p re sen ts  a s ta b le  phase corresponding to  unoxygenated co b a lt 
salen* . The percentage weight lo sse s  recorded in  Table 22 are  la rg e r  than 
the  ab so lu te  values because c a lc u la tio n s  were based on the compound being 
i n i t i a l l y  unoxygenated, A fa c to r  o f 0.98 converts the percentage weight 
lo sse s  to  those w ith  re sp ec t to  the p a r t i a l ly  oxygenated sample. There 
was no obvious s ta b le  phase between 120° and 500°C th a t  could be a t t r ib u te d  
to  lo s s  of w ater. Most hydrated compounds lo se  co -o rd ina ted  w ater below 
300°C, fo r  in s tan c e  Wendlandt e t  a l  [ l7 7 ] found th a t  in
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X =s Cl fBr ,1  ,N0^ w ater removal always occurred below 125°C,
Experiment dem onstrating the unimportance of w ater in  the oxygenation of 
co b a lt sa len
Diehl [ 3] considered th a t  w ithout the w ater bridge in  co b alt sa le n  
th e  compound would not ca rry  oxygen* In  o rder to  determ ine the  w ater he 
re flu x ed  the  compound w ith anhydrqus p y rid in e , which he considered d is ­
p laced  th e  w ater, d i s t i l l e d  o ff  the py rid ine  and t i t r a t e d  the  w ater c a r r ie d  
over in  the p y rid in e  w ith the K arl-F isch er reagent (see  Section  I  ( a ) ) .
The follow ing experim ent was c a rr ie d  out in  o rder to  check D ieh l1s 
assum ptions,
A sm all sample of co b a lt sa len  (0*53 g .)  was found to  have an oxygen 
ca rry in g  cap ac ity  of 4.92$ ( th e o re t ic a l  value = 4 .93$). The sample was 
deoxygenated in  vacuo a t  120°C, then re flu x ed  w ith py rid in e  (lOO ml#) 
under n itro g en , and th re e  q u a rte rs  of the  p y rid ine  d i s t i l l e d  o f f .  Accord­
ing  to  D iehl th i s  should have removed any w ater contained in  the compound. 
The orange p y r id in a te , which c r y s ta l l i s e d  from the re s id u e , was f i l t e r e d  
o f f  under n itro g en  (see  Section  I I I  (a) p#35)> and d ried  in  vacuo a t  room 
tem perature fo r  e ig h t hours. Once dry i t  was s ta b le  in  a i r .  On h ea tin g  
th e  p y r id in a te  in  vacuo a t 170°C fo r  two hours i t  lo s t  19#21$ by weight 
(one mole of p y rid in e  = 19.54$) to  give a maroon product w ith an oxygen 
c a rry in g  cap ac ity  of 5 .0$ , The re a c tio n s  d iscussed  above may be re p re s ­
ented schem atica lly  as 1
° 2Cobalt sa le n  — —---- —— Cobalt sa len  -gO
£ ---------------------------
120°C , vacu.o 
(maroon) (black)
o* i
170° j j d i s t i l l e d  w ith 
vacuo} j py rid in e
\l
a l t  sa le n , p y rid in a te  
(o range/red)
I t  was concluded th a t  treatm ent of co b alt sa len  w ith p y rid in e , as 
above, d id  not im pair i t s  oxygen carry in g  cap ac ity  although any w ater pre­
sen t should have been removed [3* 20], Thus w ater i s  not im portant fo r  
oxygenation to  take  p lace , co n tra ry  to  the conclusion of D iehl, Other 
evidence [l5> 21, 22] ( th is  S ection) in d ic a te s  th a t  no w ater i s  p re se n t, 
but S eb astian  e t  a l  [20] have repeated  D ieh l’s experiment and obtained 
s im ila r  r e s u l t s .  However, only the  experiment recorded here was performed 
under n itro g e n . On exposure to  a i r  a so lu tio n  of co b a lt sa len  in  p y rid in e  
im m ediately tu rn s  b lack , and a p y rid in a te  peroxide can be iso la te d  [ 2] ,
I t  may be th a t  in  a i r  a t  the tem perature of b o ilin g  p y rid in e  c a ta ly t ic  
o x id a tio n  o f p y rid in e , o r of the  complex i t s e l f ,  formed water or some o th er 
d i s t i l l a b l e  product which reac ted  w ith the K arl-F isch er reag en t.
fflMQGMVIMETRIC DATA FOR NITRQSTLBIS(SALICYLALDEHYDE)-ETHYLENEDIIMINECo(l)
In  a l l  cases an e ig h t hour heating  programme was used, A negative  s ign  
in d ic a te s  a weight in c re a se .
Weight in  
mgs.
°/o weight 
lo ss
Temp°C J
105.2 o *0 :
.. 105.2 0 40. . I
105.2 0 5° ;
105.2 0 60 !
105.0 0.19 70 j
105.2 0 75 !
105.2 0 80 !
r 105.5 -0 ,28 95 !
’ 106,0 - 0.76 ioo j
105.4 -0 .19 110 I
105.2 0 120 |
105.2 0 130
:: 105.0 0.19 135
105.2 0 140 |
104.8 0.38 155
105.0 0.19 160
105.2 0 175
106.1 - 0.86 180
105.8 : -0 .57 200 !
- 105.1 0.09 210 j
104.6 0.57 220 |
103.3 1,81 230 j
101.5 3.52 240 }
99.5 5.32 255 j
97.8 7.02 265 1
I
Weight in  I fo weight j Temp°C
mgs. j lo ss  j
275 
290 
305 
320 
335 
350 
360 
380 
395 
410 
420 
440 
455 
470 
490 
500 
515 
530 
550 
560 
570 
580 
600
Wo change from here onwards
96.4 j
95.7
95.1
94.7
94.5
93.5 j
92.2 !
89.4 I
85.1  |
79.6 !
73.5 j 
66,0
57.4
49.9 
43.85
38.50
33.50 
28.30 |
26.10 |
26.05 I
26.05 I
26.05
26.05 1
8.36
9.02
9.59
9.97
10.18
11.12
12.35 
15.01 
19.10
24.35 
30.15 
37.25
45.40 
52.60
58.30
63.40 
68.20
73.20
75.20
75.30
75.30
75.30
75.30
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TABLE 21
THERMOGRAVIMETRI0 DATA (Contd.)
R ep e titio n  ( in  p a r t)  of Thermogravimetric A nalysis of n i t r o s y lb is ( s a l ic y l ­
aldehyde )-e th y len ed iim in eco b alt ( i )  .
Weight in  mgs. io weight lo ss | Temp°C
119.8 0 | 60
119.8 0 j 75
119,7 0.08 j 90
119.7 0.08 ; 100
119.6 0,17 : n o
119.5 0.25 ; 120
j 119.6 0,17 1 135
119.8 0 ; 140
119.8 0 ; 160
120.1 -0 ,25 j 180
119.9 -0 .0 8 j 190
119.9 -0 .0 8 I 210
119.2 0.50 j 220
117.5 1.92 1 235i
115.5 3.60 | 250
113.4 5.34 | 260
111.4 7.01 j 270
108.8■ 9.18 | 285,5
107.4 10.35
ooK\
107.8 10.00 j 320
No change from here onwards
- 1 4 3 -
TABLE 22
THERMOGRAVIMETRIC DATA FOR BIS(SALICYLALDEHYDE)-ETHTLENEDIIMINEC0BALT(II)
fre igh t in  
I mgs.
io weight 
lo ss
Temp°C Weight in  
• mgs.
% weight 
lo ss
Temp°C
115.4 0 17 1 104.4 9.53 300.116,0 -0 .52 20 102.1 11.53 315116.1 -0 .61 ■25 97.40 15.60 330
116.1 -0 .61 30 89.00 22.85 350
115.5 -0 .09 40 81.50 1 29.40 365114.6 0.69 45 75.90 34.20 380
; 113.9 1.30 50 67.30 41.60 400
■ 113.7 1.47 57 60.50 47.60 420
: 113.4 1.73 60 54.25 53.00 435
113.3 1.82 65 48.75 57.76 450
113.1 1.99 70 43.25 62.52 470
112.9 2.17 75 38.70 66.46 480
< 112.7 2.34 80 34.00 70.53 500
112.7 2.34 95 31.40 72.73 515
112.7 2.34 105 31.50 72.72 530
112.9 2.17 120 31.50 72.72 550
112.9 2.17 140 31.50 72.72 560
112.9 2,17 145 31.55 72.66 580
■ 115.0 2.08 160 31.55 72.66 600
* 113.0 2.08 180 31.60 72.61 615
I 113.3 1.82 205 31.60 72,61 635
f 113.1 1.99 220 31.60 72.61 650
[ 113.0 2.08 235 31.65 72.57 670
112.7 2,34 250 31.65 72.57 690
I 110.8 3.98 260
‘ 108.7 5.80 280 No change from here onwards
TABLE 2 5
THERMOGRAVIMETRIC DATA FOR BIS(SALICfLALDEHYDE)-ETHYLENEDIIMINECOBALT(II) -
OXYGENATED
r—— —-
Weight in  
mgs *
i  weight 
lo ss
Temp°C
, 100.6 0 17
100.6 0 20
100.6 0 25
100.6 0 30
100,7 -0 .1 0 35
101.0 -0 .3 9 5°
101.1 -0 .49 6u
101.3 -0 .69 70
100.5 0.10 80
98.60 1.98 90
98.00 2.58 100
97.58 3.00 120
96.90 3.68 140
96.70 3.88 150
96.60 3.98 160
96.58 4.07 170
95.30 4.27 180
96.20 4.38 190
96,10 4.48 200
95.90 4.67 210
94.37 6,20 220
93.10 7.45 230
91.60 8.95 240
Weight in  
mgs.
^  weight 
lo ss
Temp°C
90.60 9.94 250
89.40 11.13 260
87.60 12.92 270
'84,50 16.00 280
81.60 18.89 290
77.70 22.80 300
69.90 30.55 315
62.80 37.60 325
56.30 44.00 335
50.70 49.62 345
44.90 55.39 355
39.80 60.50 365
34.60 65.60 380
30.50 69.70 390
26.50 73.60 400
25.80 74.37 410
25.80 74.37 420
25.80 74.37 430
25.75 74.42 440
25.80 74.37 455
25.75 74.42 465
No fu r th e r  change from here 
onwards •
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S E C T I O N  VI
CONCLUSIONS
SUGGESTIONS FOR FURTHER WORK
- 1 4 6 -
CONCLUSIONS
The r e s u l ts  in  S ection  V show the c o b a lt-S c h if f ’s base n i t ro s y ls  
to  be monomeric, non-conducting, f iv e  co -o rd in a te  compounds of c o b a lt( l)  
r e s u l t in g  from co -o rd in a tio n  of the nitrosonium  group (N0+) to  the square 
p lan a r C o .( l l )  S c h if f !s base complexes.
I t  i s  s ig n if ic a n t  th a t  the in f ra - re d , u l t r a - v io le t  §.nd magnetio da ta  
of th e  n i t ro s y ls  prepared in  th is  work c lo se ly  resemble those fo r  n i t r o s y l— 
b is(d im e th y ld ith io ca rb am a to )-co b a lt( l)  [7 7 ], This i s  the only compound to  
date  on which a comprehensive X-ray a n a ly s is  has been c a r r ie d  out [7 5 ], and 
the  c lo se  s im i la r i ty  of the compounds suggests th a t  the n i tro s y ls  s tu d ied  
in  th is  th e s is  a lso  possess a square pyramidal arrangem ent. An X-ray 
study i s  being c a rr ie d  out on n itro sy lb is (a c e ty la c e to n e )-e th y le n e d iim in e -  
c o b a l t ( l )  a t  th is  College [ l7 8 ] .  The compounds are  e s s e n t ia l ly  diam agnetic, 
the  odd e le c tro n  from the n i t r i c  oxide being pa ired  w ith the odd e le c tro n  
on the  a lread y  sp in -p a ire d  c o b a lt( I I ) square p lan ar paren t compounds. The 
p o ss ib le  m etal h y b rid isa tio n s  are :
I  d
Co(l) d It v
4 -p
*
ft M it
- d s p ' 
1 3-d sp '
2 3and d sp h y b rid isa tio n  would give an oc tahed ra l arrangement having a 
lo n e -p a ir  a t  one apex.
The exact o r ie n ta tio n  of the n i t r i c  oxide w ith re sp ec t to  the m etal 
i s  as y e t unknown. I t  may be bonded end-on through the n itro g en  y ie ld in g  
a l in e a r  M—N-—0 arrangement or p a r a l le l  to  the  S c h if f 's  base plane using  
th e  7T e le c tro n s  of the  N -  0 bond to  a tta c h  i t s e l f  to  the m etal, i .e *
N
M—  til
0
or in te rm ed ia te  between the two. Alderman and Owston [74* 75] consider th e  
7r bonding arrangement to  be p resen t in  the dim ethyldithiocarbam ato com-* 
p lex , w ith  d ev ia tio n s  from the  p a r a l le l  due to the e le c tro n e g a tiv ity  
d iffe re n c e s  of n itro g en  and oxygen.
The mechanism of e le c tro n  s h i f t s  th a t  a f fe c t  the bond order of the 
n i t r i c  oxide w ith  various s u b s titu e n ts  in  the  benzene rin g s  can be explained  
whether th e  n i t r i c  oxide i s  bonded 'end-on ' o r p a r a l le l  to  th e  lig an d  plane* 
The two p o s itio n s  w il l  be considered in  tu rn .
L inear Bonding of the  N itr ic  Oxide Group
The nitrosonium  group i s  bonded bo the m etal by an e le c tro n  p a i r
donated from an sp hybrid  (o r 2s) o r b i ta l  on the n itro g en  in to  a dsp or 
2 *5d sp hybrid  o r b i ta l  of the m etal, F igure 25 ( a ) .  Back bonding from the
m etal to  the p o r b i ta l  of the n i t r i c  oxide occurs by means of the f i l l e d
3d o r 3d m etal o r b i ta l s ,  the  3d rem aining non-bonding. The p o r b i ta l  xz yz xy
of the n itro g en  i s  vacated  by the process x ^  Thus, in c reas in g
th e  e le c tro n  d en s ity  on the imino n itro g en  or phenolic oxygen atoms (see
S ection  V, (e ))  causes the degree of overlap between the d ^  and d
o r b i ta ls  and the  n itro g en  (NO) p o r b i ta l  to  in crease  in  order to reduce
th e  charge on the m etal; t h i s ,  in  tu rn , decreases the bond order between
the  n itro g e n  and the oxygen of the n i t r i c  oxide. E lec tron  w ithdrawal
from the v ic in i ty  of the m etal by the process ^  ^  F igure 25(a) would
in c rease  the n i t r i c  oxide bond o rd er. The d and d o r b i ta ls  canxz yz
p artak e  in  bonding w ith the n i t r i c  oxide and the imino n itro g en  atoms*
The ex ten t to  which these  d o rb i ta ls  overlap  in  one d ire c tio n  or the o th e r 
w il l  a f fe c t  the  bond o rder of the n i t r i c  oxide. R otation  of the  n i t r i c  
oxide about i t s  l in e a r  ax is  perm its overlap of e i th e r  of the  d o rb i ta ls  
w ith  the n i t r i c  oxide p o r b i ta l .  The s i tu a t io n  may be rep resen ted  as 
resonance between the s tru c tu re s :
,Q  Q
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An a l te rn a t iv e  exp lanation  i s  to  consider the  e f fe c t  of p lac in g  e le c tro n s  
in  the antibonding o r b i ta ls  of n i t r i c  oxide. As mentioned in  S ection  
I I  (b) the N0+ group contains two empty antibonding o r b i ta l s ,  wr562p and
y
35*r.2p * Any e le c tro n s  added to  the nitrosonium  group w il l  f i l l  these  
o r b i ta ls  f i r s t .  The s i tu a t io n  i s  analogous to  th a t  in  the l in e a r ly  
bonded carbonyl complexes [35 (b ) J . The 2s o r b i ta l  of the  n itro g en  (HO) 
and th e  d^2 o r b i ta l  of the m etal form a 0 ~  bond. Back bonding from the 
m etal occurs by means of the 3dxz and 3d^z m etal o r b i ta ls  overlapping w ith  
the  two antibonding  o r b i ta ls  of the n i t r i c  oxide, Figure 25 (b ) . An in ­
c rease  in  e le c tro n  d en s ity  around the co b a lt atom causes a g re a te r  concen­
t r a t io n  of charge in  the antibonding o r b i ta ls  of the n i t r i c  oxide group 
r e s u l t in g  in  a low ering o f the  bond o rd er. I f  the process occurs th e re  
i s  a red u c tio n  in  o r b i ta l  overlap  between the co b alt and the  n i t r i c  oxide 
which lowers th e  e le c tro n  d en s ity  in  the  antibonding o r b i ta l s ,  the bond 
o rd er in c re a s in g  in  consequence.
P a r a l le l  Bonding of the  N itr ic  Oxide Group
This arrangement may be explained by considering  the bonding as
analogous to  th a t  suggested as being p resen t by C hatt C112] e t  a l  in  the
platinum  ethy lene complex K[C H.PtCl^jELO and by G r i f f i th  [ 92] in
d  4* ^  d
oxyhaemoglobin. In  both compounds hybrid  m etal o r b i ta ls  are  used in  the
0 ~ bond form ation , thus in  the n i t ro s y ls  prepared here th e  co b a lt atom 
*5 2 3may use dsp or d sp hybrid  o r b i ta l s .  Back bonding may occur by means
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of the  3d and 3d o r b i ta ls  in to  the antibonding o r b i ta ls  of the n i t r i c  xz yz °
oxideo Both antibonding o rb ita ls  may be used because th e re  i s  f re e  rota^*
t io n  about the N -  0 a x is ? Figure 25 (c)* The n i t r i c  oxide has an equal
chance to  overlap  w ith both of the m etal d , d o rb i ta ls  a t  the same time#xzT yz
This s i tu a t io n  may p o ssib ly  be v isu a lis e d  as the  n i t r i c  oxide revo lv ing  
around an upturned cone of negative charge as shown in  the diagram0
Co
The two forms of m e ta l-n i tr ic  oxide attachm ent a re  extreme cases 
and from the s t r u c tu r a l  evidence a v a ila b le  on the dim ethyldithiocarbam ato 
compound the  ab so lu te  mode of bonding i s  probably somewhere between the  
two •
Figure 25
ir 2p
* *
" f l  U « » r \
d s « z,dxz
Fig. 25(a)
YZ»U XZ
d*,dsp
, *  *
^ 2PY P:
Fig. 25(c)
0 c r - ty p e  bond 
IIQIT- type bond
d y z ^ d xz
dAdsp?,dsp3 DIAGRAMS ARE N O T  T O  SCALE.
"ONLY O N E - r T -  B O N D I N G  M E T A L  O RBITA L AND NITRIC OXIDE 
A N T I B O N D I N G  O R BIT A L  ARE SHOW N-
-158-
SUGGESTIONS FOR FURTHER WORK
(1) An in c rease  in  the N -  0 bond order w ith s u b s titu e n ts  should be 
acoompanied by a decrease in  the M -  NO bond order (S ection  V (e ) ,  a lso  
th is  S ection) and v ice  v e rsa . In v e s tig a tio n  in  the ICBr reg ion  should con­
firm  t h i s .  However, the M -  0 bonds, the lig a n d sy and the o ther M -  N
15bonds absorb in  th i s  reg ion j and NO would probably be needed fo r  
accu ra te  assignm ents,
( 2) S o lu tio n  measurements would show whether s o lid  s ta te  e f fe c ts  on the  
NO s tre tc h in g  frequency are a t  a l l  comparable w ith su b s ti tu e n t e ffe c ts*
Such measurements would be lim ited  by the  poor s o lu b i l i ty  o f the  n i tro s y ls  
as w ell as the s e n s i t iv i ty  of th e i r  so lu tio n s  to  a i r ,
( 5) A comprehensive study of the u l t r a - v io le t  and v is ib le  absorp tion
sp e c tra  of the n i t ro s y ls  in  so lu tio n  under n itro g en  might d e te c t su b s ti tu e n t 
e f fe c ts  and a lso  y ie ld  accurate  assignm ents fo r  the abso rp tion  bands* 
R eflectance sp ec tra  would a lso  show whether the  so lv en t causes absorp tion  
changes,
(4) Extension o f the  c o b a lt-n itro s y l  s e r ie s ,  w ith  p a r t ic u la r  emphasis 
on s u b s ti tu e n ts  in  the 4?4f p o s itio n s ,
(5) In v e s tig a tio n  of th e  magnetic moment of manganese( I I ) sa len  in  solu-* 
t io n  under n itro g en  as w ell as in  the presence of a s o lid  d ilu e n t to  
in v e s t ig a te  p o ssib le  an tife rrom agnetic  in te ra c t io n s .
(6) F u rth er work in to  the  re a c tio n  between i r o n ( l l )  and manganese( I I ) sa len  
w ith  n i t r i c  oxide i s  req u ired , to g e th e r w ith  the secondary re a c tio n  of 
the  fe rro u s  compound w ith oxygen.
(?) I f  i t  i s  assumed th a t  the hydrogen atoms of the lig an d  w ill  not 
exchange w ith  D^ O then the mass spectrograph ic  an a ly s is  of co b a lt sa len  
prepared  in  D^ O in s te a d  of w ater should in d ic a te  i f  a w ater b ridge i s  
p re sen t in  the compound. A lte rn a tiv e ly  co b a lt sa len  prepared under 
aqueous cond itions could be refluxed  w ith  D^ O or enriched w ater and any 
exchange between the D^ O and the hydrogens of an aquo bridge could be 
d e tec ted  as above.
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Five-C o-ordinate C om pounds o f C obalt
M o s t  com plex com pounds of cobalt are o f oxidation 
s ta te  + 3  and  six-co-ordinate, or o f oxidation s ta te  + 2  
and  four- or six-co-ordinate. U n til recently, only a few 
apparen tly  five-co-ordinate complexes had  been reported1. 
These were th e  anions [Co(CX)5]3- and  [CotCNh]2-, and 
th e  oxygen-carrying Schiff’s base com pounds (A) and  (B).
F orm ula (A) shows th e  p lanar four-co-ordinate (Con­
figuration suggested by  Calvin et al.2, b u t D iehl1 believed 
th a t  th e  tru e  struc tu re  was five-co-ordinate w ith  a  w ater 
molecule bridging tw o cobalt atom s. However, te tra -  
hedrally  disposed bonds around  th e  bridging oxygen atom  
w ould p reven t th e  parallel arrangem ent of molecules of 
(A) deduced from  X -ray  evidence3. I n  addition, Ueno 
and  M artell3® do n o t repo rt any  infra-red absorptions duo 
to  w ater in  th e  com pound and  th is  is supported  by  o ther 
investigations36. There is no d irect p roof th a t  th e  
secondary am ino group in  (B ) is co-ordinated to  th e  
cobalt a tom . The cobaltocyanide ion, in  th e  solid s ta te , 
has been found to  be dimeric, w ith  cobalt-cobalt bonds4, 
an d  in  aqueous solution is probably  [Co(CU)5H 20 ] 3-. The 
com pound first reported  to  be A g2Co(CX)6 (ref. 5) is now 
believed to  contain  bridging cyanide groups6. So perhaps 
none o f these com pounds contains five-co-ordinate cobalt.
M any o ther five-co-ordinate com pounds of cobalt have 
now been reported , b u t a  detailed  X -ray  exam ination  has 
been carried ou t only on nitrosyl(dim ethyldithiocarbonato) 
cobalt (I) (ref. 7), which has th e  square pyram idal s tru c­
tu re  (G) w ith  th e  JST-O bond inclined a t  139° to  th e  
pyram idal axis and  form ing an  unsym m etrical nr-complex 
w ith  th e  cobalt atom .
NH
(H * c £ T (C H a>8 
9 c= nn ! > i= c tt
( A ) (B)
(C)
O ther apparen tly  five-co-ordinate com pounds are: 
CoI n (P E t3)2013 (ref. 8) *, Co11MeAs[(CH2)3AsMe2]2I 2 (ref. . 
9a) *, CoIIMeAs[(CH2)3AsMe2]2B r2 (ref. 96)*, Con(CNR)52+ 
(ref. 10),Co1(CN.fi)6+ (refs. 10, 17), Coi(PB 3)z (CO)3+ (ref. 
11), Con B r2[PH (C 6H 8)2]3 (ref. 12), C0n x 2(CO) (P E ts)a,*  
CoI3l2(NO) (P E t3)2, * X  =  F , Cl, B r13, Co1(acetylacetone)2- 
(NO) (ref. 14)*, and  [Co111 (8-am inoquinoline)2 (NO) ] X 2 
(ref. 15)*. Their likely configurations are square (or 
tetragonal) pyram idal, and  trigonal b ipyram idal16. Com­
pounds m arked w ith  an  asterisk  have been assigned 
pyram idal structures. No detailed  account of th e  first 
com pound in  th e  list has appeared, and  th e  last is unusual 
in containing cobalt (III)  and  co-ordinated N O - .
Com pounds such as cobalt carbonyl hydride HCo(CO)4 
and  its  m ethy l-substitu ted  derivative CH3Co(CO)4 (ref. 18a) 
are form ally five-co-ordinate. In  the  form er th e  carbonyl 
groups are te trah ed ra lly  disposed w ith  th e  H  atom  
buried186 in  th e  electron density  of th e  m etal and  m aking 
little  contribu tion  to  th e  stereochem istry of th e  molecule. 
E ven  th e  m ethy l com pound appears to  have essentially 
a  te trah ed ra l configuration18®.
W e have found th a t  com pound (A) and  several substi­
tu te d  form s (Table 1) will form  m ononitrosyls. These give 
non-conducting solutions in  nitrobenzene, and  m olecular 
w eight determ inations show th e  paren t, th e  S^'-d ichloro , 
and  th e  7,7-dim ethyl com pounds to  be monom eric in  , 
n itrobenzene. They have m agnetic m om ents o f abou t 
0-5 B ohr m agnetons a t  room  tem peratu re , and  th a t  of 
th e  5,5 '-dinitro  com pound increases linearly  w ith  -\/T .  
I t  therefore arises from  tem peratu re  independent p a ra ­
m agnetism , no im paired electrons are present, and  
electron pairing  has occurred betw een th e  cobalt (II) 
a tom  (3d7) an d  th e  NO molecule. F rom  th e  m agnetic 
results th e  com pounds m ay be regarded as containing 
cobalt ( III)  and  co-ordinated N O -, or cobalt (I) and 
co-ordinated NO+. However, th e ir  infra-red  spectra 
show absorptions a t  th e  lower end of th e  range19 ascribed 
to  co-ordinated N O + (Table 1). These com pounds are 
isoelectronic w ith  (C), w hich has a  sim ilar n itrosyl 
absorp tion20 a t  1,626 cm -1, and  we believe them  to  be of 
th e  sam e structu re . The p lanar n a tu re  of th e  p a ren t 
com pound w ould favour th e  form ation  of a  square or, 
m ore accurately, te tragonal s tru c tu re  on five co-ordination.
Tem perature-independent param agnetism  of th e  above 
m agnitude could con tribu te  largely to  th e  fractional • 
m agnetic m om ent o f 0-87 B ohr m agnetons a t  room  
tem pera tu re  reported  for Co(acetylacetone)2 NO. I t  is 
n o t necessary, then , to  p o stu la te14 an  equilibrium  between 
a  diam agnetic com pound containing cobalt (I) and  N O +, 
and  a param agnetic com pound containing cobalt (II) and 
neu tra l NO. The infra-red band  a t  1,675 cm -1, typ ical of 
co-ordinated N O+, indicates th e  form er structu re .
Table 1
Substituent NO stretching 
frequency (cm-1)
None 1,624
5,5'-dimethyl 1,614
7,7'-dimethyl 1,618
3,3'-dimethoxy 1,634
5,5'-dichloro 1,638
3,3'-dinitro . 1,667
5,5'-dinitro 1,696
The increase in  th e  infra-red absorption frequencies 
w ith th e  substitu tion  of electron-attracting  groups (Table 
1) shows th a t  electron rem oval from  th e  cobalt a tom  
increases th e  N - 0  bond order, presum ably by  decreasing 
the  ex ten t o f d n —p n double bonding from  th e  m etal to  
th e  co-ordinated n itric  oxide.
I f  no bridging w ater molecule is p resent in  th e  p aren t 
com pound (A) th en  th e  pyrid ine adduct of (A), and  its  
oxygenated form  in w hich an  oxygen molecule bridges 
tw o cobalt a tom s2, contain  five-co-ordinate cobalt. The 
oxygenated  form  has been considered to  contain  a peroxide 
bridge2, b u t if  th e  axis o f th e  oxygen molecule were a t 
rig h t angles to  th e  line joining th e  cobalt a tom s to  give 
a  Tu-bonded com plex, as has now been found for o ther 
cobalt com pounds containing peroxide bridges21, the  
bonding of NO and  0 2 w ould be analogous. There is 
some evidence th a t  th is  ty p e  of bonding occurs in  the  
n itric  oxide com pound of haemoglobin22 and  in  oxyhaemo­
globin23.
The readiness o f cobalt to  form  five-co-ordinate 
com pounds can be re la ted  to  th e  tendency of th e  m etal 
to  achieve (cobalt (I), 3d8) or approach (cobalt (II), 
3d7) th e  effective atom ic num ber of th e  n ex t inert gas24.
W e have found th a t  o ther Schiff’s base complexes of 
cobalt (II), including th e  oxygen-carrying com pound (B), 
will react w ith  NO. This is also tru e  for sim ilar complexes 
of o the r transition  m etals, and  we are investigating the  
n a tu re  of th e  products.
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